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1.0 SUMMARY AND RECOMMENDATIONS

1.1 Summary
This study has been based on an analysis of solar and sclar and

‘solar indncgd tgr:estrial phenomena during tie | peribd from a few days before
to a fev; days after the occurrence of solar flares that are known to have
produced pr@on streams that were detected in the vicinity of the earth as
pola.rca; absorption events.

Most of the analysis is limited to 59 PCA events that can, with
reasonable certainty, be associated with solar flares, although some attention
| will be given to an additional 47 small events in an effort to, where possible,
increase the statistical significance of the associated phenomena.

In many respects the analysis carried out in this study is similar
to statistical evaluations that have been made by a number of investigators
who were looking for correlations between specific solar phencmena. However,
the basic objective of this study has been quite different. We are searching
for those solar phenamena, or conditions, or combinations that can be used to
predict with an acceptable degree of confidence whether or not a déngerous
radiation conditions will exist outside the earth's atmosphere or magnetic
field from an observed condition on the sun. In addition, we must be able to
evaluate the %;L@g of the danger, and the ammpt of time available for
protective action.

The characteristics of solar flares and the associated solar region,
which are the source of the high energy particles that cause polar cap absorp-
tion events, have been evaluated in terms of those phenomena that are generally

associated with, or are, indications of active solar regions.
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These phenomena are treated individually and in combinations to
assess the probability that a given condition or region might be the source
of a proton stream. |

Plage regions, sunspot groups, flares, loop prominences, short
wave radio ;adeouts, solar radio emissions at discrete frequencies, and spectral
emiésioﬁs'éf Type II and Type IV that are reliably associated with PCA events,
have been studied.

Solar induced disturbances in the earth's magnetic field as in-
dicated by the élanetary three hours index, Kp,and derived daily index, AP’
for the four or five days preceding the PCA flare have been used in a search
for a correlation between the geomagnetic conditions and the proton stream
travel time and the intensity of the event.

In addition to the analysis of solar regions, flares, and flare
induced phenomena associated with the PCA events, we have, for the purpose
of comparison, analyzed a limited number of large and magnetically complex
sungpot groups; large, bright and flare productive plage regions, all flares
of importance 3+, and selected flares of importance 3.

It is possible at this time to eliminate scme of the parameters
or phenomena from primary consideration and recammend others for additional
analysis:

Sunspot - If a proton event is observed,there is a high probability
that the flare occurred in a large magnetically complex sunspot group; however,
the probability that a large magnetically complex sunspot group will be the

source of a proton producing flare is very small.



Proton producing flares are more likely to occur in sunspot groups
that have remained constant in area + 10%, or were increasing in area during
a period of several days.

Plage Regions - Large, bright, and flare productive regions do not

appear to be necessary conditions for the production of a PCA-flare.

WMNV»Mﬁearly 40% of the proton flares occurred in plage regions with average
maximum areas less than 6000 millionths. Approximately 50% of the proton
events occurred from plage regions during their second rotation. All but one
of the PCA events occurred in plage regims in the second or later rotation.
There is a very low probability that a new piage region will be the source
of a proton flare.

Flares - There is a high probability that an importance 3+ flare will

be followed by an important PCA event, if the flare is accampanied by a major
short wave radio fadeout and a radio burst at a frequency between 2800 and

3750 Me/s.

Loop Prominence -~ If a flare on the solar disk has an associated

loop prominence, there are good indications that a proton event will follow.

Magnetic Conditions - The flare proton event delay time or event

size does not appear to be influenced by the variation of the three hour Kp
index or the derived daily Ap during the four or five days preceding the flare.

1.2 Recommendations

Many of correlations and associations examined during this study
were limited to the association of the chosen phenomena to PCA events, the
extension of the analysis to non-PCA flares and solar regions that did not

produce PCA events should be carried out.
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Plage Regions -~ Plage characteristics during the four or five days

prior to PCA-flares and non-PCA flares of importance 2+ and 3 should be classi-

fied. Plage turbulence prior to or during major flares, and in particular

PCA flares, should be investigated by a careful study of flare patrol films.
Flares - Major flares not associated with PCA events should be

analyzed in terms of the chosen parameters for possible distinguishing charac-

teristics of PCA and non-PCA flares.

Radio Emissions - Sunspot groups associated with PCA flares should

be investigated for radioc emissions from flares preceding the PCA-flare. If
the PCA-flare regions are radio noisy, the evaluation should be extended to
spot groups with non-PCA flares of importance 3. A few cases of importance 3
flares not followed by PCA events have been investigated. This analysis should
be extended to give a better statistical sample. In particular those cases
where the flare was reported by at least one observatory with importance 3+,
and was reduced to importance 3 in the McMath-Hulbert working list (Table 1).

Loop Prominence Systems - The association of loop praminences on

the solar disk with PCA flares shows a good correlation, especially for the
years 1960 through 1963 where prominences were found for 12 of the 16 disk
flares and for four of the five limb flares. Conversely, there were only
two disk loop prominences reported (Bruzek) that were not associated with
PCA flares from the basic list, and one of these occurred at the time of a
very small PCA (Number G22, Table 8).

On the basis of the outstanding success of PCA flare loop prominence
association, a thorough search should be made for additional loop prominences

at the time of the other PCA-flare during 1960 through 1963.



2.0 GENERAL STATISTICAL SUMMARY

2.1 Selected PCA Events

The 106 Polar Cap absorptions (PCA) or possible PCA's were chosen
from a large number of originel sources (Table 3) and catalogues of PCA

events compiled by Bailey (1964), Basler and Owren (1964), Maliteon (1963),

Warwick and Haurwitz (1962) and the 5 volumes of the Solar Activity Catalogue,

Jonah, Dodson-Prince, and Hedeman (1965). These PCA events have been classi-
fied into three groups:

(a) PCA events detected by two or more techniques that can be
associated with a solar flare with reasonable certainty. There are 59
events in this group (Table 1, 3, 4, 5 and 6).

(b) Small PCA events and events for which a flare association
is questionable or not possible. There are 24 events in this group
(Table T).

(c) Small PCA events during 1960 reported by Gregory only (24

events, Table 8).

while some of the events listed in Tables T and 8 will be analyzed
in some detail the major effort of this study has been devoted to the 59

events listed in Table 1.

2.2 PCA-Flare Central Meridian Distance

The distribution of the 59 flares are shown in Table lA in terms

of flare importance and flare central meridian distance.

Flare F90 to &ERO to <E30 to M to w30 to
Importance | E6O E30 cM <W30 <4 W60 2W60 |Total
1 0 0 0 0 0 1 1
2 2 2 3 2 1 3 |13
2+ 0 0 3 2 1 1 7
3 Y b L 7 > 5 125
3+ 1 2 3 2 5 0 J13
Total 3 8 13 13 12 10 | 59
TABLE 1A

PCA Flares-Central Meridian Distance Distribution -
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This shows a distinct performance for the western two thirds of
the visible hemisphere {81%). Slightly less than 50% of all flares occurred
between East 30 and West 30. The heliographic distribution by flare
importance is shown on Figure 1.

2.3 PCA-Flare Delay Time

Table 1B and Figure 2 show the PCA-flare delay time as a function

of hellographic position and flare importance,

PCA DELAY TIME HOURS

Disk >1 to »3 to > 6 to >9 to
Position] €1 €3 £6 €9 <12 »12 Total
E9Q to
E60 0] 1 3 0 1 0 5
ZE60 to
E30 1 2 4 1 1 0 9
<E30 to
cM 1 6 2 1 0 1 11
CM to
W30 I N 3 1 0 1 13
W30 to
£W60 5 L 2 1 0] 0 12
2 W60 L 1 4 0 0 0 9
Total 15 18 18 4 2 2 59
TABLE 1B

PCA-Flare Delay Times with Solar Disk Distribution

Table 1B shows that approximately 86% of the PCA events followed
the flare by six hours or less. The flare associated with a given PCA was
chosen as the flare of highest importance that preceded the flare by less
than twelve hours. If there were two or more flares of importance equal to

or greater than 2+ preceding the PCA, the final decision was based on an




analysis of the radio emissions in both the centimeter and meter wave lengths,
and in some cases the previous activity of the sunspot groups and the importance
of the short wave redio fadeout. Finally the association was checked against
associations given in the scientific literature, and other things being equal
the flare with the shortest delay time was chosen. If there were no mejor
flares (importance Z 2+) reported during the 12 hour period, all flares of
importance £ 2 were examined in terms of their position, associated radio
emissions, short wave fadeouts and the previous activity of the sunspot groups.
In general this procedure led to a more or less unambiguous flare choice.

2.4 Prompt Flare Induced Phenomena

An examination of the associated data given in Tables 1 and 3 shows
that every PCA flare was accompanied by a SWF, and all but three by a centi-~
meter burst at one or more frequencies in the range from 2800 to 3750 Mc/s.
All but three of the PCA flares were followed by a sudden commencement geo-
magnetic storm (SSC) s or the SSC occurred within an acceptable time of two
PCA flares (PCA numbers 12, 13; 43, 4k; 50, 51; 52, 53; 54, 55). All but
three of the PCA flares of importance 2+ or greater (importance based on the
McMath-Hulbert working list) were followed by a Forbush decrease.

All but five of the shortwave radio fadeouts were of importance
equal to or greater than 2, lasting for 30 minutes or more (PCA's 5, 14, 18,
22, and 24). 1In fact, 45 of the SWF's that accompanied a PCA flare lasted
for more than 60 minutes.

Thirty-four of the centimeter bursts in the range 2800 to 3750 Mc/s
had peak intensities greater than 1000 x 10722, w(mec/s)“:L

These statistical relations are summarized in Tables 3A




Flare No.

Imp. Flares _ SWF ALl* v 10cm ssc Fd
1 1 1 1 1l 1 1 1
2 13 13 3 8 11 11 5
2+ T (f 6 6 T T T
3 25 25 20 2l ol 2l 23
3+ 13 13 13 13 13 13 13

Total 59 59 43 52 56 56 Lo

¥Al1l of the Solar and Terrestrial Effects:
Type IV, Radio Emissions at Centimeter Wavelengths (at 2800, or

2980, or 3000, and/or 3750), SSC, and Forbush decrease (Fd)

TABLE 3A

SWF, Spectral Emission,

Summary of Selected Phenomena Associated with the PCA Flares

Type II (slow drift bursts) are listed in Table 3, but were not

included in Summary Table 3A, because of the lack of spectral observations

at the time of a large percentage of PCA flares.

The Type IV events include

those observed either at Sydney DAPTO and/ or Fort Davis and probable Type IV

emissions on the basis of selected single frequency outbursts.

Flare No. Flux 100 to >500 to >1000 to

Imp. Observations <100 500 1000 10000 >10000 Total
1 0 0 0 1 0 0 1
2 2 0 5 2 y 0 13
2+ 0 1 2 1 2 1 T
3 1 1 3 3 15 2 25
3+ 0 0 1 2 10 0 13
Total 3 2 11 9 31 3 29

TABLE 3B

The Distribution of Centimeter Flux From
PCA Flares as a Function of Flare Importance




v

From Table 3 we see that 73% of the PCA flares produced peak flux
at 2800 or 3750 Mc/s greater than 5(’)(’)1{.”1.0"?‘2W(m?'c/s)..iL The distribution of fiux
intensity as a function of flare importance is shown in Table 3B. 92% of
the importance 3+, and 80% of the importance 3 PCA flares produced peak flux

- -1
greater than 500x10~22W(m2c/s) .
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3.0 SUNSPOT GROUPS AND PCA EVENTS

3.1 Large Spot Groups

While we find that 53 of the important PCA events were associated
with flares that occurred in large sun spot groups (22 large, 31 large and
magnetically complex) these PCA sun spot groups represented only 34 (or T%)
of the 471 large spot groups that were reported during the years 195k through
1963 (Table La).

Large (Max. Area Large and ¥ or p-; Small Spots
;500 millionths with PCAs
Number of Total Number of Total
Year with PCA PCAs Spots jwith PCA PCAs Spots Kumber
1954 0 0 1 0 0 o] 4]
1955 0 0 17 0 0 2 o]
1956 o] 0 81 3 3 9 1
1957 8 9 89 3 5 20 2
1958 8 1 80 0 0 19 0
1959 1 1 69 3 5 15 (o}
1960 0 0 19 5 11 14 2
1961 1 1 1 2 6 5 1
1962 o] 0 8 0 0 L 0]
1963 0] 0 6 1 2 2 0
Totals 17 22 381 ¢ 17 31 90 6
TABLE LA

Sunspots with Maximm Areas 2 500 Millionths of the Solar Hemisphere and
PCA Flare Distribution

34 of the PCA flares occurred in 20 different sun spot groups that
during disk passage had maximm areas greater than 1000 millionths. (Table LB)
This represents only about 12 percent of the 153 sun spot groups in this
category, as shown by years in Table 4B. 52 of these large spots had mean
areas greater than 1000 millionths during the years 1954 through 1959. (Data
are not available subsequent to 1959). While there appears to be a strong

PCA-flares association with large sun spot groups, the probability that a
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‘Max. Area 21000
Year Max, Area Mean Area With Total
21000 21000 PCA PCA
1954 o] 0 0 0
1955 1 1 0 0
1956 29 3 1 1
1957 32 13 5 T
1958 38 13 L 9
1959 29 17 L 3
1960 15 - 3 T
1961 5 - 2 5
1962 3 - 0 0
1963 1 - 1 2
Total 153 52 20 3k
TABLE LB

Sunspot Groups with Maximm Area, and Mean Area 2> 1000 Millionths

large sun spot group will, at some time during disk passage, be the source
of a PGA flare is extremely small. Similarly there does not appear to be
any real correlation between the morphology of sun spot groups, either
large or small with the occurrence of a PCA flare, This is shown on Figure
5. vhere we have, among other parameters, plotted the daily area of all
sun spot groups that had a maximm area 2 1000 millionths, during 1958.
We have shown all flares of importance 3 associated with those sun spot
group and the PCA flares.

We have also shown the daily areas of all sun spot groups with
maximm areas < 1000 millionth that were the source of an importance 3
flare or a PCA flare. The sun spot area data for the five days prior to
the 32 PCA-flares through 1958 do not show any significant trend. We find:
- at the east 1imb
- formed on the disk the day before the flare
- intermittent
- small and variable
large and variable

- decreasing

- increasing
- stable * 10%

WO NN
1

-




L3

Corrected daily sun spot area data are not available for 1959 and subsequent
years.

3.2 Magnetic and Zurich Classification

A similar situation exists in the case of both sun spot magnetic,
and the Zurich classifications, even though there is a strong PCA flare
association with & or PV  spot groups, and E, F, G, and E Zurich
classes. This is shown on Table 4 where the PCA-flare day classifications
are also shown,

The Zurich and magnetic classification of the PCA-flare sun spot

groups on flare day are shown in Table 4C.

B F G H J A C D Total
¥ 171 2 0 6 0 0 o o 15
A b 6 2 0 o 0] 0 0 22
s |8 1 1 1 0 0 1 3 15
& |o 0 1 o] 3 0 1 0 5
/4 0 0 o} 0 1 1 o} 0 2
Total [29 9 I T L 1 2 3 59
TABLE LC

The Zurich and Magnetic Classification of Sunspots on PCA
Flare Days

It should be pointed out that in those cases where the flare occurred
at either the east or west limb, the Zurich and magnetic classification was
extrapolated on the basis of the following or preceding days values.

30 of the PCA flares were definitely associated with ¢ or /5)’

. sunspot groups with an E, F, G, or H Zurich classification. Seven others may

have belonged in this group based on extrapolation as mentioned above.




3.3 PCA Events Associated With Small Sunspot Groups

Six or 10% of the basic PCA events have been associated with flares

from small sunspot groups (max. area < 500 millionths). These are shown in

table 4D,
PCA
Serial Abs. Delay Flare Integrated
No. Date db Time Imp _ CMD Flux
2 3-10-56 3.5 30450 > E88 -
11 8-09-57 3.1 4B 50" 2 ET6 --
20 9-26-57 2.0 1B 53® 3 E15 --
43 4-28-60 3.5 1% 0o® 3 E3k 5 x 10°
16 5-06-60 16.0 17 56" 3+ EOT b x 100
57 9-28-61 3.3 0P 43" 3 E29 6 x 10°
TABLE 4D

PCA Events From Small Sunspot Groups and Related Data

Except for the fact that the reported absorption for five of these
PCA events was small, none of them show phenomena characteristics substantially
different from those PCA events associated with large spot groups.

3.4 Heliographic Longitude Distribution of Proton Flare Sunspot Groups

The heliographic longitude of the sunspot group associated with the
basic PCA flares is shown on Figure 3 divided into northern and southern
hemisphere. When two or more flares occur in a single spot group, these
multiple flare spots are considered as a single event and are shown without
dividing lines. That is, Figure 3 shows 39 independent events, 26 or 67% of

these events occur in the solar hemisphere between 320° and 140°.
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It should be noted that 7 of the 17 PCA events that occurred
between longitudes 140° and 320° produced integrated proton fluxes

2
(protons/cm , energy > 30 Mev) equal to or greater than 1.5 x 106 as

shown below (see Table 6 also).

Event Number 1 1 26 30 31 32 30

Integrated 1,03(109 1,5x106 2,5x108 '_T.OxlO7 1.1x.108 6.01106

Flux

1.8x10°

The intensity of the flux for the remaining 10 has not been deter-
mined but the intensity of the absorption was greater than 3 db for 6 of the
10 events.

This clearly indicates that while there is only about a 33%
probability that a PCA event will occur in the hemisphere between longitudes
140° and 320°, 19% of those events for which an integrated flux >106 has
been determined, were produced by flares from that hemisphere.

Figure 4 shows the longitude distribution of the 106 proton events
from Tables 1, 7, and 8, where we have shown them as 75 independent events,
with 64% in the apparently favored hemisphere. This is in surprisingly good
agreement with the percentage from the Figure 3 distribution since the PCA
flare choice and consequently the sunspot group, for several of the events
in Tables 7 and 8 may be questionable. These results are in reasonable

agreement with those derived by Warwick (1965) where she found that 33 or

73% of her 45 independent proton events were in this same hemisphere,

1L




k.o PLAGE REGIONS

4.1 Plage Area and Brightness

A preliminary investigation (Table 5) shows that the probability that
a large (area greater than 10,000 millionths of the area of the solar hemi-
sphere) or bright (average intensity »3) region will be the source of a PCA-
flare is very small. Forty-three of the 59 PCA flares occurred in plage
regions with average maximum areas less than 10,000; in fact 23 of the PCA
flares were associated with plage regions with average maximum area equal to
6,000 or less.

k.2 Flare Productivity

Flare productivity prior to the PCA flare has some significance.
There are only nine cases where the number of flares from the PCA flare region
was less than ten and in four of these cases the PCA-flare occurred near the
east limb. Only one western quadrant PCA-flare region did not produce 10
or more flares prior to the PCA flare. Ten multiple PCA-flare regions accounted
for 29 of the PCA flares. These multiple PCA-flare regions are shown on Tables

4 and 5.
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FLARE IMPORTANCE
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Major Flares and PCA Events

The distribution of PCA flares by importance is shown on Table 3A.
Forty-five of the flares have importance >» 2+. The number of PCA flares of
importance 2+, 3, and 3+ by years is shown in Table 1C together with the total
number of flaresreported in each of these categories based on the solar activity

catalogue and the McMath-Hulbert working lists.

A1l Reported Flares Fleres with PCA's
Importance Importance

2+ 3 3+ 2+ 3 3+
1954 o] 0 o] 0 0 o]
1955 9 4 o] 0 o] 0
1956 38 21 1 o] 2 0
1957 39 24 7 2 8 3
1958 58 17 3 2 3 3
1959 33 24 6 o] 2 i
1960 22 15 L 3 5 2
1961 h 9 1 o] L 1
1962 3 2 o] o] 0 o]
1963 1 2 0 0 1 0
TOTAL 207 118 22 7 25 13
Table 7 (Small PCA) 2 2 1
Table 8 (Very small PCA) 2 5 2
TOTAL 207 118 22 1 32 16

TABLE 1C

ALL FLARES AND PCA FLARE WITH IMPORTANCE 2 2+

The number of PCA flares given in Table 1C by years is based on the
major PCA events of Table 1. If we include the small PCA's from Table 7 and
the Gregory PCA events from Table 8 for statistical purposes, we find that
only 5.3% of the importances 2+ flares, 18.6% of the importance 3 flares, and

73% of the importance 3+ flares were followed by PCA events.
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The importance 3+ flares are summarized in Tables 10A, 10B, and 10C
and the six impartance 3+ flares that were not followed by a PCA event are

discussed in the appendix where it is concluded on the basis of associated

_phenomena that a PCA event would have been expected from two and not expected

from the other four.
In the case of the very small PCA events, an analysis indicates that
only one of the four had the potential of a major PCA event.

5.2 Flares with Importance 3+ by at Least One Observatory

A total of 53 flares were reported in the IAU Quarterly Bulletin ami
included in the Solar Activity Catalogue with an importance of 3+ by at least
one solar observatory. Thirty of these flares were reduced to importance 3 or

less in the McMath~Hulbert working lists as shown in Table 11A.

From Importance Importance
3+ to: 3 2+ 2 1 Total
1956 1 0 o] o] 1
1957 5 0 0] 0] 5
1958 3 1 2 1 7
1959 5 0 1 0 6
1960 4 1 1 0 6
1961 3 2 0 0 5
TOTAL 21 L L 1 30
TABLE 11A

JAU IMPORTANCE 3+ FLARES REDUCED
TO IMPORTANCE <£3 IN THE MCMATH-HULBERT WORKING LISTS

The 21 importance 3+ flares that were reduced to importance 3 in the

McMath-Hulbert working list are listed in Table 11 together with the prompt

flare associated data.
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Nine of these flares (Mmbers 1, 3, 4, 10, 1k, 16, 18, 19, and 21)
were followed by PCA eve:... (Numbers 3, ... 15, 33, 38, 47, 50, 53 55=--Table 1).
The remaining 22 flares with importance 3+ in the IAU Bulletin, the Solar
Activity Catalogue, and the McMath-Hulbe' ' =~ ~ing List are listed in Tables 10A,
10B, and 10C. Flares iu.. nere followed by very small PCA events, or by
no PCA are evaluated in detail.

5.3 Importance 3+ Flares Followed “ - "~rge PCA Events

Twelve of the final list of impor _- flares (Table 10A) were
followed within five hours by PCA's with total integrated flux greater than
lO6 protons/c:m2 with energies > 30 Mev. These 12 flares occurred in ten differ-
ent plage regions with average maximum area: . + ranged from 4,000 to 15,000
millionths of the solar hemisphere, and average brightness of 3 (two cases),
3.5 (seven cases), and 4 (one case). Six of the ten associated sunspot groups
had an average magnetic classification of J , or 18{ , two were bipolar ( /3)
and two were unipolar (o).

All of these flares caused short wave r:.lio fadeouts of importance 3
(5 cases) or 3+ (7 cases) lasting for 30 minutes or more (all but two lasted
for more than two hours). All of these flares were accompanied by major radio

bursts lasting for 30 minutes or more, at one or more of the frequencies 2800,

2980, 3000, or 3750 Mc/s and spectral emissions of Type IV.

5.4 Importance 3+ Flares Followed by Very Small PCA Events
Four of the importance 3+ flares were followed by very small PCA's
(Table 10B). Three caused short wave radio fadeouts of importance 3 (two

cases) and 3+ (one case) lasting for more than 30 minutes. Only one was



Gl - 0 8 0 00 &S ok O A 8 U = aE

accompanied by a major radio burst in the centimeter wave length (at 2980 Mc/s).
From an analysis of the prampt flare associated phenomena (see Appendix 1,
Section 1), only one of these flares (Number 3, Table 10B) satisfies the
condition for an important PCA event. An integrated proton flux of k4 x 105'/cnn2

for energies > 30 Mev has been calculated for this event.

5.5 Importance 3+ Flares Not Followed by PCA Events

Table 10C lists six importance 3+ flares that were not followed by
PCA events. Three were reported by the Sydney Observatory only and do not
satisfy any of the conditions for PCA events. These flares and associated data
are discussed in detail in Appendix 1, Section 2. Two of these flares (Numbers
5 and 6, Table 10C) meets the conditions for an important PCA event and must

at the present time be considered as a false alarm.

Importance 3+ Flares 22

Important PCA's Expected 15

Important PCA's Reported 12

False Alarm Rate 1.3/1
5.6 PCA Intensity and Flare Importance

The distribution of PCA intensity with flare importance is shown
in Table 1D. However, it must be pointed out that the maximum absorption is
more qualitative than quantitative, since the total energy or total flux during
a PCA event will depend on the rate of rise, recovery and the duration c‘af the
event. The integrated proton flux for protons with energies greater than

30 Mev is known for only 36 of the 59 events.
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Flare

_Imp. Weak <3 36to 5 >5 tol0 210 Total
1l 1l 0 (o] 0 0 1
2 2 ) 5 5 1 3
2+ 0 2 3 1 1l 7
3 2 6 1 1 5 25
3+ 1 0 1l 2 9 13
TOTAL 6 8 20 9 16 59

TABLE 1D

PCA INTENSITY AND FLARE IMPORTANCE

As a first approximation, from a comparison of the absorption in
db with the events for which the integrated flux is known we find only four
events with an integrated flux » 106 protons/cm2 fram events following flares
of importance {2+, one is a flare at the west limb, the other at east 76.

A more complete evaluation of PCA events associated with flares of

importance S 2+, is desirable.
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6.0 OTHER PROMPT PHENOMENA
6.1 Solar Radio Bursts at Centimeters Wavelength

The correlation analysis of solar radio bursts at 28,000, and
3750 Mc/s » With proton events was made by the Radiation and Fields Branch,
MSC. That analysis was based on the original records from Ottawa (2800
Mc/s) and Nagoya (3750 Mc/s). More than 200 bursts were found with an 1n-
tegrated intensity greater than 10~18 joules (m c/s)']': In this study we
have limited the investigation to the radio frequency bursts that occurred at
the time of the PCA flares listed in Tables 1, 7 and 8. Peak fluxes or the
smoothed flux (when the peak flux was not available) were used, at the fre-
quencies 2800, 2980, 3000, or 3750 Mc/s. If a flux was not reported, an
attempt was made to determine if observations were being made at the time of
the flare., An examination of Tables 3 and 3A shows that a flux was reported
at 2800, and 3750 Mc/s for 56 of the 59 PCA events listed in Table 1. The
number of radio frequency bursts in several ranges of intensity are shown in
Tables 3C, where flare impartance has been used as a parameter. This shows,
as was expected, a strong correlation between the major bursts (peak flux
> 500 x 10722 (m2 c¢/s)~1) and major flares (importanceZ2+).

A correlation of the integrated RF burst energy for all 56 cases
shown in Tables+3 and 3B with the PCA intensity and, where available, the
event integrated proton flux supplemented with data for 3000, and 2980

Mc/s should be carried out.
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These data when combined with the other correlation studies may
help to reduce the false alarm rate. In fact, since the SPAN telescopes will
cover the frequencies 1420, 2695, and 4995 Mc/s, an analysis of the additional

frequencies might be productive.

Observatory Normal Observing
Code Frequencies Time, Hr, UT
HHI 1500 06-15
Syd 1420 21-07
Nag 2000 23-07
Tok 3000 00-06

Forty-three of the 59 PCA-flare events shown on Tables 1 and 3
occurred during the observing periods of one or more of these observatories.
The six hours of the universal day (1500-2100) not patrolled by those obser-
vatories are covered by the normal patrol period at Ottawa,

In Table 3C we have listed the 12 PCA events where the peak or
smoothed flux at 2800 Mc/s was less than 200, and those where the PCA-flare
occurred outside the normal Ottawa observing time at 2800 Mc/s. 1In this table

we have included all observing frequencies between 1420 and 3750 Mc/s.
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PCA | ~ Flare g Frequencies Mc/s
No. Date Beg. 800 3750 1420 1500 2000 2980 3000
N 11-30-56 1430 [175) * * s * * e
5 1-20-57 1100 [ash) * * * ** 184 *E
6 4-03-57 0825 * * * 5147) * 22 *
1k 8-29-57 1031 * * * 151) * x x
20 9-26-57 1907 [ 67) * * * * * *
22 2-10-58 9/2108 {(>70) * §go7} * * * *
857
25 6-06-58 o436 * (360) 343 * 420 * e
33 2-13-59 .'é.Z(23OL * (4h0) % * (335) ) * *
39 3-29-60 0 * 8250 x * h.ox10™ ** *x
Ll 4-29-60 o107 * 1s x * x * *e
50 11-15-60 0207 * 11600 x * 4g50 * *
58 9-20-63 2314 * 1400 *= * 1200 * *
¥ Outside observing time ¥% Not observing
X No flux reported Bracket indicates smoothed flux
TABLE 3C

PCA Events with Very Low Flux at 2800 Mc/s or When the Flare Occurred
Outgide the Normal Ottawa Observing Time

It should be noted that the normal observing times both beginning
and ending vary by one or two hours with the season.

6.2 Spectral Emissions - Broad Band Continuum - Type IV

Type IV spectral emissions were observed by either the Harvard or
Sydney radio observatories ora type 1V emission was derived by a number of
investigators from single frequency observations for 52 of the 59 PCA events
listed in Tables 1 and 3. The seven cases where no type 1V was reported in

the literature are summarized in table 3D .
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PCA Flare Type Integrated
No. Date Beg. Imp.| IV 2800 3750 Proton Flux

2 3-10-65 | 0515 2 * 850 * -

5 1-20-57 | 1100 3 * (184) * 2 x 100 _
1 8-9-57 0617 2 *e 246 (105) | 1.5 x 100
13 8-29-57 | 28/2010 24+ x (760) * 1.2 x 108
1k 8-29-57 1031 2 * * * -—
ok 3-25-58 | 0557 2 xx 1458 (106) -

P 9-22-58 | 0738 2 * 36 (49) | 6 x 106

¥ No observations

*% No observations, Sydney stopped at 0616 UT
x None reported, Harvard observing

xx None reported, Sydney observing

TABLE 3D
PCA Events With No Reported Type IV Emissions

The study confirms the high correlation between PCA events and spectral
emissions type IV. However, the 52 type IV emissions observed and derived
and associated with a PCA flare represents a small percentage of the total

number observed or derived during the years 1954 through 1963, as shown in

table 3E.
Total With PCA
Obs. Derived Cbs. Derived
1954 0 0 0 o]
1955 0 0 o] 0
1956 1 28 0 3
1957 22 50 12 1
1958 21 26 8 1
1959 2k 2k 5 1
1960 Lo 8 10 3
1961 19 2 4 2
1962 8 2 0 0
1963 2 1 1 1
Total 139 1 ko 12
TABLE 3E

Spectral Type IV Emissions, and PCA Events
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Only 19 percent of the observed and derived type IV emissions
occurred at the time of flares that were followed by PCA events.

A more complete analysis of spectral emissions, type II and type
IV with emissions at fixed frequency in the range 1420 through 3750 Mc/ s, and
flare importance, may show a better correlation with PCA events.

6.3 Short Wave Radio Fadeout (SWF)

An inspection of tables 1, 3 and 3A shows that every PCA-flare
was accompanied by a SWF, all but four of the SWF's were of importance equal
to or greater than 2, lasting for 30 minutes or more. In fact 45 of the PCA
flare-SWF's lasted for more than 60 minutes.

The significance of this PCA-flare, SWF correlation should be
investigated further as a possible input parameter for the solar proton
warning criteria.

6.4 Loop Prominence Systems

One of the most promising phenomena, which at this time has not
been thoroughly evaluated because of lack of data, is the occurrence of
loop prominences on the solar disk in association with a flare. A prelimin-
ary search for loop prominences reported in the IGY report series, combined
with data published by Bruzek indicates a high probability that a disk flare
which is associated with a loop prominence will be followed by a PCA event,
and conversely the probability that a disk PCA-flare will have an associated
loop prominence appears to be high. In any case the association is such
that a careful evaluation should be made. The appearance of loop prominences
at either the East of West limb does not appear to be as promising and must

be taken into consideration before reliable conclusions can be made.
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Table 6 shows the estimated PCA event proton flux (Protons/cm)
for energies >» 30 Mev.,, and those events for which loop prominence systems
were reported in the literature or the IGY Solar Activity Report Series.

Table 6A summarizes the number of importance 3 and 3+ flares that
were followed by an importance PCA event (from tables 1 and 6) and the num-
ber of Loop Prominences at the time of these major flares (3 and 3+). Seven
additional Loop Prominences originated from PCA-flares with importance &£ 3
to give a total of at least 27 PCA events following flare with associated

loop prominences.

Flare Importance LPS Bruzek
or the IGY Rep. Series
Yes No
3 3+ 3 3+ 3 3+
1956 2 0 0 0 2 0
1957 8 3 2 1 6 2
1958 3 3 1 1 2 2
1959 2 L 0 b 2 0
1960 5 2 L 2 1 0
1961 y 1 3 1 1 o]
1962 0] 0 0] 0 0 0
1963 1 0 1 0 0 0
25 13 1 9 1k L
TABLE 6A

Importance 3 and 3+ Flares
And Associated Loop Prominence Systems
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DELAYED TERRESTRIAL EFFECTS
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Effect of Disturbances in the Earth's Magnetic Field

The condition of the interplanetary magnetic field at the time of
the PCA flare, as implied by the three hour planetary index Ky fails to
show any significant correlation with the PCA flare delay time or the
intensity of the PCA. This is shown for selected but typical events in
Figures 6, 7, and 8. In addition to showing the three hour Kp for the four
days preceding the PCA flare, we have shown all flares from the PCA flare
sunspot group, and where available, the normalized neutron monitor two hours
counting rate, the daily sunspot area, lmown loop praminences, and sudden
commencement of geaomagnetic storms. The length of the line or size of the
box indicates the importance or intensity of the event.

We have included cases of major flares (importance 2 2+) not
followed by known PCA events (Figures 8A, 8B and 8C), but with an associated
loop prominence; moderate to intense PCA events (Figures 6 and 7) and a
sequence of three very small PCA events (Figure 8D).

An indication of the condition of the earth's magnetic field on
PCA day for the PCA events from Table 1 is shown in the first two columns of
the last section of Table 3 (PCA Day Values), where the T K, and A, are
given.

This phase of the investigation will require & more complete analysis
before firm conclusions can be made.

T2 Geomagnetic Storms

Fifty-six of the basic PCA flares were followed by a sudden commence-

ment geomagnetic storm or in a few cases where two or three PCA events occurred
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within a 24 or 48 hour period, we have considered that the two or three
PCA flares were followed by an SSC even though they were the same stomm.

The maximum storm Kp and time delay between the PCA and the SSC are shown

'in Table 3. Table 3F shows the distribution of the storm maximum Kp as a

function of the PCA flare importance.

e—

PCA

Flare No. Maximum Storm Ky

Imp. Storm 5+ 5+ to 6- 60 to 8- 8o Total
1 0 0 0 1 0 l
2 2 0 1 7 3 13
2+ 0 0 1 1 5 7
3 1 0 5 7 12 25
3+ 0 0 1 6 6 13
TOTALS 3 0 8 22 26 59

TABLE 3F

THE DISTRIBUTION OF SSC MAXIMUM Kp

We see that a large percentage of the storms are moderate or severe
more or less independent of the flare importance. The delay times from the
start of the PCA to the start of the storm varies fram four hours (PCA
Number 4) to a maximum of 71 hours (PCA Number 49). In six cases the delay
times were greater than 60 hours, and the PCA-SSC association might be

questionable.
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APPENDIX 1

IMPORTANCE 3+ FIARES FOLLOWED
BY SMALL OR NO PCA EVENTS

The four importance 3+ flares that were followed by small PCA events
(Table 10B) and six with no reported PCA events (Table 10C) are anaiyzed in
considerable detail. It is concluded that an important PCA event would have
been expected from the importance 3+ flare on September 18, 1957 this flare,
followed by a small PCA, satisfied most of the conditions for a large PCA
event. Similarly, the importance 3+ flare on June 18, 1959 was accampanied
by the phenamena generally associated with the large PCA events.

1. IMPORTANCE 3+ FIARES FOLLOWED BY SMALL PCA EVENTS

1.1 Importance 3+ Flare, February 21, 1957

This flare at N20 W33 was followed in approximately two hours by a
PCA (No. S3 Table 7) reported by several investigators on the basis of fmin
data. The reported onmset times ranged from 1800 UT on the 21st (Jelly and
Collins) to 1600 UT on the 22nd (Besprozvannaya). Basler and Owrenlist this
as two events, one on the 21st at 1800 UT, the other on the 22nd at 0500 UT.

The flare was reported in the IAU Bulletin from the Sacramento Peak
Observatory in Region 46, but no importance was given. The flare is not in-
cluded in Table 1, Volume 2 of the Solar Activity Catalogue. It is, however,
reparted as event 24 of Table VIII, Volume 2, with importance 3+ associated
with sunspot 12140, plage 3856.

The plage, in its 4th rotation, was small (2800 millionths) moder-
ately bright (average 2.5 intensity during disk passage) and was the source
of only four flares (an importance 1 at 0530 UT the 21st, an importance 1+

at 0300 UT, the 22nd, and importance 1 on the 23rd).
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This 3+ flare lasted for six hours with the reported meximum at
1930, nearly three and a half hours after the onset. No SWF is reported but
a low intensity 10 cm burst (peak flux 19) starts at 1750 UT and lasts far
four hours. Small bursts were reported at 200, and 167 Mc/s starting about
30 minutes after the flare beginning.

The association of this flare with a sunspot is questionable due
to the intermittent appearance and disappearance of the three spots covered
by the plage, (Mt. Wilson spots 12140 at N13, 12143 at NO9, and 12150 at NO9)
and the location of the flare at N20 on the 21st two days after the disap-
pearance of 12140. However, the association with an active region at helio-
graphic longitude 10° is unguestionable. The spot (Greenwich No. 17876)
attained a maximum area of 59 millionths on the 15th.

The other pair of spot groups (Mt. Wilson mumbers 12143 and 12150)
were located at NO9. 12143, a three day spot, disappeared on the 16th while
12150 appeared on the 19th and was last seen on the 25th at W79. Greenwich
spot 17875 was first seen on the lhth at E60, and was intermittent with a
few small spots until the 16th (Mt. Wilson spot 12143). A new spot appeared
on the 20th (Mt. Wilson spot 12150) with an area of 65 millionths. It
developed rapidly and reached a maximum area of 729 millionths on the 23rd
two days after the PCA flare. A major PCA event would not be expected.

1.2 Importance 3+ Flare, September 18, 1957

This small PCA was repqrted by two independent investigators, but
i8 not included in Bailey's Catalogue. The reported start times range from
2000 UT on the 18th (Besprozvanmaya) to O400 on the 19th (Khocholava).

The flare that was probably responsible occurred in a large (area

1998 millionths on flare day) magnetically camplex (d /3 Y 1) sunspot group
30



y

which was first seen on September 13 at E75. The group vwhich formed from a
few small spots developed rapidly into a large stream of normal type. The
bright plage (number 4151) (intensity 3.5/4.0/3.0) had an average maximum
area of 7500 millionths and was flare productive (83 flares during disk pas-
sage). In addition to the large spot group the plage contained two small .
groups that lasted for only three days (12637, d)ﬂfd, September 21-23, and
12632, dfpd, September 20-22).

The sunspot was the source of 32 flares of importance 1; 4 of
importance 2; 1 importance 2+ and opne importance 3, prior to the importance
3+ flare at 1658 on the 18th. The flare lasted for nearly 5 hours, caused
a major short wave radio fadeout, (importance 3+ lasting for 150 minutes)
small radio bursts at centimeter wave lengths, and an importance 3 spectral
emission, type IV in the frequency range 580 - 100 Mc/s that lasted for more
than 6 hours. There were major bursts of long duration at 167, 450, and 5ui5
Mc/s. The flare was followed by a sudden commencement geomagnetic storm
(max Kp = 7+) and a Forbush decrease of 6b.

This flare starting at 1658 UT on the 18th followed within slightly
more than one hour of an importance 3 flare in the same plage and spot group
which started at 1026 and ended at 1613. Both of these flares had resurgences
(or double aspects) the earlier (importance 3) flare had maximum values at
1045, and 1325 with the two phases starting at 1026 and 1303 with msjor short
wave radio fade outs at 1030 (importance 3 lasting 104 mimutes) and 1245 (im-
portance 3- lasting 95 mimutes). The importance 3+ flare under discussion
had maximum intensities at 1740 and 1840 with short wave fades at 1730 and

1823 both of importance 3+ and both lasting 150 minutes.



On the basis of the importance of the region, the flare associated
phenomena and the central meridian position and the importance of the flares
at 1026, 1303, 1658, and 1818. A solar proton event of major importance
would have been expected.

1.3 Two Very Small PCA Events During 1960

Gregory reparts 24 very small PCA events which he detected from an
analysis of high sensitivity vertical-incidence back scatter sounding of the
lower ionosphere at a frequency of 2.3 Mc/s at South 79° geomagnetic latitude,
ionosond £ ;,, data from high latitude stations confirm these events.

The 24 small events, Table 8 were not reported by other investi-
gators. Two of these very small events were associated with importance 3+
flares (numbers G20 and G38 Table 8). These are analyzed in detail to de-
termine, if possible, why large PCA events were not detected and the possible
effect on a solar warning false alarm occurrence.

1.3.1 Importance 3+ Flare Jure 1, 1960

The flare at 0824 UT, N29 E46 on June 1, 1960 was cobserved by a
record number of observatories (19 reported the flare) and ten gave it an
importance of 3+. The flare lasted for five hours and seventeen minutes,
and was accompanied by a short wave fade of importance 3 lasting for 75
minutes. There were great bursts at 2980 Mc/s, (lasting for 63 minutes
with a peak flux greater than 3400) and 200 Mc/s (1asting for 75 minutes
with a peak flux of 3100). Great bursts were also recorded at 9100, 1500,
600, 545, and 23 Mc/s. There was no sweep frequency spectral observation
of the sun at the time of the flare, but because of the great bursts at
single frequencies in both the centimeter and meter wave lengths, a type IV

emission probable occurred throughout the complete frequency range of the
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radio spectrum. A Forbush decrease of 4.5 percent was reported by Chalk
River startipg at approximately 2200 UT on June 3. A sudden commencement
geamagnetic storm started at 0248 on June 4, with a maximum three-hour Kp
of 6+. Gregory reports a small PCA starting approximately five and a half

hours after the flare, lasting for about 6 days. Jelly and Collins repart

a PCA commencing at 2000 UT on the 3rd lasting about 3 days.

Increased proton counting rates were reported in Explorer VII data
during the northern high latitude passes on June 1, and again on June &
(Table 6).

Although there were 11 importance 1, and 1+ flares between 0823 on
the 1lst and 1900 UT on the third, it is not probable that any of these small
flares was responsible for the Jelly and Collins PCA. It is probable that
the Jelly and Collins PCA, and the increased proton counting rates observed
by Explorer VII were all from a plasma cloud ejected from the sun by the
flare of June 1. |

The flare occurred in a high latitude ,6 type spot (N29) at helio-
graphic longitude 343°. This spot is a return of the large (1800 millionths)
magnetically complex ( ¥ type) spot 14825 which crossed the visible disk at
mean longitude 352°, which was the source of an importance 3 flare on May 13,
followed by & great short wave fade and a polar cap absorption (mumber L7,
Tables 1, 3, 4, and 5). The great flare on June 1 and sunspot were in a
large (area 7000 millionths) moderately bright (average intensity equal to
3) and flare productive (34 flares importance > 1 during disk passage) plage
5680.

While this flare did produce a small PCA (too small to be detected

by the forwerd scatter technique or by Riometers), the characteristics of

33




.

the flare and associated phenomena indicates that a high flux proton beam
should have reached the vicinity of the earth within a few hours after the
start of the flare. An integrated proton flux of 4 x 10° protons/cm? for
epergies » 30 Mev has been calculated for this event by Webber.

1.3.2 The Importance 3+ Flare, December 5, 1960

This very small PCA found by Gregory, and not detectable on Riometer

recards or by the forward scatter technique, started approximately eleven
hours after the importance 3+ flare at 1825 UT, N26 E68, on December 5. The
flare was accampanied by a major SWF (importance 3 lasting 100 minutes) Type
II and Type IV spectral emissions, a moderate burst at 2800 Mc/s (peak inten-
sity 330), a majar burst at 200 Mc/s (peak intensity greater than 1000) and
small bursts at 545 and 108 Mc/s.

The flare occurred in the magnetically complex spot group (1ﬂ)’1)
15151, region 1434-38 at N28 and heliographic longitude 8°. The plage 5959
was moderate in area, (6500 millionths) and brightness, (average intensity
3), and was the location of 13 flares during disk passage.

Because of the eastern location of this flare on the solar disk
(E68) and the low peak intensity of the 2800 Mc/s flux (330 x 10-22 wm=2
(s/c)~1), this flare would not be classified for proton warning, but the
region would be watched carefully during disk passage for later indications
of a proton flare event. The plage in its fourth rotation was the return
of plage 5925 which contained the large (area 1775 millionths) sunspot group
15114, which was the location of four very small PCA's on November 10, 11,
14, and 19, reported by Gregory only (mumbers G31, G32, G34, and G36, Table
8) and the three major PCA events with ground level effects on November 12,

15 and 21. (Numbers 49, 50, and 51, Tables 1, 3, 4, and 5.)
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2.0 IMPORTANCE 3+ FLARES WITH NO REPORTED PCA EVENT

2.1 Importance 3+ Flare, November 7, 1956

The importance 3+ flare at 1109 UT, S17 E32 occurred in the bright
new plage 3751. The sunspot group 11949 crossed the visible disk between the
3rd and 15th November with /dP average magnetic classification, and a whole
spot area on flare day of 929 millionths of the solar hemisphere. In spite
of the large area of the sunspot only six importance 1 flares were reported
prior to the importance 3+ flare. The first flare was reported on the 5th
at E57T. The sunspot was located at mean heliographic longitude 264°, which
as seen from figures 3 and 4 is located in the region where PCA's are rela-
tively rare.,

The region was relatively radio quiet and no emissions in the fre-
qQuency range from 3750 to 2800 were reported at the time of the importance
3+ flare. The flare produced an importance 2 short wave radio fadeout which
lasted for only 21 minutes. Six of the minor flares were accompanied by
moderate radio bursts of short duration at centimeter and/or meter wave
lengths, This flare was followed at 1313 by a loop prominence.

On the basis of the relatively minor SWF and lack of emissions in
the centimeter wave lengths an importance PCA would not be expected. How-

ever, because of the associated loop prominence a state of alert should be

considered.

2.2 Importance 3+ Flare, Jamuary 23, 1957
This importance 3+ flare at 2310, N17, W17, was reported by only
one observatary (Sydney) in Region 19, sunspot 12089, plage 2823.
The flare occurred in the large, (16000) bright, (3.5, 3.5,3) flare

productive (37 flares) plage region in its third rotation. The plage covered
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three sunspot groups. The sunspot in which the flare occurred (12089) had
a maximum area of 1581 millionths, a mean aree during disk passage of T78
millionths with an o, magnetic classification and Zurich type H, at mean
longitude 18°. There were no radio emissions at centimeter wave lengths
reported at the time of the flare and no SWF was reported. A major burst
was reparted by NBS at 167 Mc/s with peak flux greater than 2100 x 10~224m=2
(c/s)™2.

Six importance 1, 4 importance 2, and 1 importance 2+ flares were
reported in this region prior to the 3+ flare, the first flare (importance 1)
occurred at E50 on Jamuary 18. No PCA would be expected fram this flare.
2.3 Importance 3+ Flare, Jamuary 31, 1957

This importance 3+ flare at 0358 UT was also reported by only one

obgservatory (Sydney) in Region 30, sumspot 12114, plage 3830.

This plage (in its second rotation) was of moderate size (8500),
moderately bright (3/3/3). The plage contained two one day spots, one spot
that was born and died on the visible disk and the flare-spot which was first
seen on January 27 (Zurich and Greemwich) at E5.4 and mean longitude 257.4°.
This small (mean area 160 millionths) stream of spots achieved a maximum area
of 504 millionths on the 29th, but covered only 183 millionths of the solar
hemisphere at the time of the flare on the 31st. It continued to decrease
in size to 64 millionthsby February 3 and to 40 millionths at W72 when it
was last seen on February 5.

Only 3 flares were reported in this region, one of importance 1,
and ope of importance 2 on February 1, and the 3+ flare under evaluation.
This flare was accompanied by small radio bursts at 9400 Mc/s (41 smoothed

flux) and at 3000 Mc/s (234 peak flux). A minor SWF (importance 1) lasting
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for 84 mimutes is associated with the flare. None of the characteristics
or phenomena associated with this flare, except the reported importance,
would indicate a PCA.

2.4 Importance 3+ Flare November 29, 1957

This flare at OO45 UT was followed by & Type II burst of short
duration and a moderate burst (488 peak flux) at 9500 Mc/s. No associated
SWF was reported. This flare occurred in a very small plage (4282) at very
high latitude (N4l) and near the east limb (E63). The plage contained no
spots, this, the only known flare in the plage region,was reported by the
Sydney observatory only. No PCA could be expected under these conditionms,
in fact, the reported flare importance would be questionable.

2.5 Importance 3+ Flare on April 5, 1959

This flare at 2316 UT, N16 W67, occurred in the bright (average
intensity » 3) flare productive (46 flares) plage, 5071, which is a fifth
return region. Thils plage contained three spot groups that existed during
the complete disk passage and two short lived groups. The flare occurred
in the small (mean area 184 millionths) but magnetically complex ( /57 )
sunspot group 14020. An importance 3+ short wave fade lasting for 93 minutes
started almost simuiltaneously with the start of the flare. There were no
2800 Mc/s observation at the time of the flare, and no Type II or Type IV
dynamic emissions were reported. However, there were great bursts at 9500
Mc/s (2960 peak flux) 3750 Mc/s (smoothed flux 2300 lasting for 8 minutes)
and at 2000 Mc/s (smoothed flux 580). No sudden commencement geomagnetic
storm or Forbush decrease followed within three days after the flare,
although a solar flare effect (megnetic crochet) was reported by 17 stations
commencing at 2321 UT on the 5th. The four days prior to the flare were
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very quiet geomagnetically with a maximum 3-hour Kp of 3+ and Ap's of 6, 7,
12 and 6, respectively.

The flare was preceded by 24 minor flares and one importance 2+
flare. The first flare was reported at E48 on March 28.

The sunspot group was at mean longitude 273°. On the basis of
this flare and the associated phenomens, including the SWF and burst at
3750 Mc/s. A PCA might be expected unless one considers that the region
lies in the apparent region between Heliographic Longitudes 140° and 320°
where very few PCA's have been reported.

2.6 Impartance 3+ Flare in June 18, 1959

This flare at 1134 UT, N18 W67, occurred in a large, (area 9000
millionths), bright, (average intensity 3.5) and flare productive (96 flares
during disk passage) plage 5204. The plage contained two spot groups that
sccompanied it across the east limb and & small one day spot. The flare
occurred in the large (meximum area 1111 millionths, mean area 856 millionths)
magnetically camplex ( ¥ type) sumspot group 14211 at heliographic longitude
330°. This spot was a Zurich type G on flare day and the source of 43 minor
and 3 major flares prior to the 3+ flare on the 18th. The first flare (im-
partance 2) occurred at the east limb on June 9 and was accompanied by a
great shortwave fade of importance 3+ lasting for 180 mimutes, two great
bursts at 2800 Mc/s and a Type IV broad band comtimium emission in the very
low frequency range (50-25 Mc/s). This region was umusually active and
radio noisy during disk passage.

The importance 3+ flare was accompanied by a SWF of importance 2+
that lasted for 52 minutes. Very large complex radio bursts were reported

at centimeter wave length commencing similtaneously, the emission at 2800
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Mc/s lasted for three hours with a smoothed flux of 1225 x 10-22 Wm~2

(c/ s)‘l. No emissions were reported at meter wave lengths. The small PCA,
observed by Riometers and from f; data on June 13 (Number S17, Table T)
was associated with an importance 1 flare from this same region at ES8, at
& time of very quiet geamagnetic conditions, when except for a brief period
(4th, 5th and 6th three-hour periods) on the 11lth, the three hour Kp's re-
mained less than 30 during the four days preceding the flare.

This is the one real failure among the importance 3+ flares since
all of the flare-time related phenomena indicate a probable PCA of consider-
able magnitude. The sunspot longitude of 330° is in the apparent preferred
hemisphere for PCA's.

It is interesting to note that during the next solar rotation the
plage 5204 combined with 5218 to form the plage 5265, and sunspot 14211 re-
turned as 14284 which was the source of the three high energy PCA flares on

the 10th, 14th and 16th of July 1959 (Numbers 35, 36, and 37, Table 1).
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SOURCES OF DATA

Polar Cap Absorption Events. The original sources used to compile the list
of polar cap absorption events given in Tables 1, 7, and 8 are given in
Table 3.

Solar and Terrestrial Phenomena used in the study of the PCA events were taken
from Solar Activity Catalogue Volumes 1 through 5, prepared by F. C. Jonah,
Helen Dodson-Prince and E. Ruth Hedeman under NASA Contract NAS 9-2469,

Sources used for the preparation of the Solar Activity Catalogue are listed
in each volume of the catalogue.

Daily Sunspot Areas for the years 1954 through 1958 were obtained from Royal

Greenwich Observatory Bulletins Photo Heliographic Results: 1955, published
1958 (no number); 1956 (Bulletin Fumber 14); 1957 (Bulletin Number 26); 1958
(Bulletin Number 60).
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TABLE 1
PCA'S VITH ASSOCIATED FLARES AND SOURCES

3.| My 10 230 3&/Mmr 170 22.0 2055 240 3 n9 Bk7 22 o5® 10/2300-11/0300 B1, B2, Be, CJM, DH, DLP, BO, M, Mo, W
- . 6O, JP, K, kn, L, OH, WL,

-1

o) Rise Duration Abs. Flare Originel H
i %o. Ipate Beg. Tiwe,hrs. hrs. &b, Onset  Max. . Position Start Times Sources __jotners
1936
1. {Pev. 23 oo 18 123 13.0 03k - 3 x23 W80 oP23®  23/0400-23/0600 B1, Bz, Be, CIM, JP, S {M, Mo, WH
l ' 2. jmar. 10 o900 38 160 3.5 0515 .- 2 M6 E88  34s®  10/0900-11/1600 B), Be, CIM »
3. {Aug. 31 W30 1k 69 b9 1226 1246 3{3) M5 E15  2%OW®  31/1430-31/1800 B1, B2, Be, COM, JP, 5 |M, Mo, WH
4, {Mov. 13 2000 27 63 5.4 130 1500 2 M6 W10 SP30® 13/1400-14/1600 B}, B2, Be, CaM N, Mo, Wi
/14
S. | Jan. 20 1500 16 86 4.1 100 19 3 s3o 18 4hod®  20/1500-21/1500 By, Bz, Be, CIM, DLP, S {BO, N, Mo, WH
6. |apr. 3 1330 €5 3.9 085 OB 3 s1k w60 sPos™®  o2/2300-04/1200 B1, Bz, Be, CIN, JP BO, N, Mc, W
7. | June 19 2215 Weak 1609 1613 2+(2) N0 R4S  6P08®  19/2215-19/2300 Be, JP, S BO
l 8. | June 22 0500 Ml s 5.0 ®¥% - 2 x23 B2 2Ba®  22/0500-22/1000 B, Bz, K, RL, § 30, M, WH
9. | July 3 0900 12 52 9.2 fonz oms 3 Ml WO 5’5 03/0B15-03/1030 B, Bp, Be, Bo, DLP, BO, ¥, Mo, W&
0830  0BNO 3 W10 Wh2 HG, W®S, H, JP, K, OH,
P8, RL, §
10. | iy 2% 2035 27 2.0 finz 1 3 526 W2T TS 2/ 1000-2/2400 52, Bo, H, B, B, 3P, (B0, ¥, Mo, W
Lo X, 8, P, AL, 8
11. | Aug. 9 1600 10 50 3.1 0617 0629 2 309 E76  Pu3I®  09/1500-09/2400 B, Be, H, X, K, P8 BO, M
12. | Aug. 28 1300 Weak 0810 0955 3(3) B30 E35 uhso®  28/0400-28/€2300 A, Be, Bo, DLP, H, PS  |BO, ¥o
l 13. |Aug. 29 0000 7 27 3.2 2B8/2000 202k 3(2+) S2B8E30 3PSO 29/0000-29/0500 A, 2%& P2, HG, HKS, Po M, Mo, WH
oH," s, s
. |Aug. 29 1300 12 58 8.2 o 1052 32) s25 R0 3P2g®  29/1300-29/1500 A, By, Bp, DIP, HG, HNS, [BO, M, WH
X, OB, BL, S
' Tofas. a3 aas 12 46 b9 1257 1313 3¢(3) mSswee  1mE® 31/1415-31/153%0 A, B, By, K, K, 8 {pO, M, Mo, WH
16. | sept. 02 1700 9 46 7.2 1313 3(2¢) S WI 3T 02/1500-02/2100 a, 82, gl_o_, s, |, K, » M, Mo, WH
. » RL,
l 17. | Bept. 12 200 13 57 0.5 11/023% 0300 3 M3 w2  23Moi®  12/0200-12/2315 B2, Be, Bo, DLP, HG, , M, Mo, W&
HRS, K, JP, K, Kb, OH,
P8, BL, 8
18. | sept. 18 2000 18 17! 3 n23 08 {3 0™} 18/2000-19/0k00 Be,DIF, H, Kn, P8
1840 1B uom
19. | Sept. 21 1700 18 63 5.1 1330 1335 3 mo wo6 3" 3* 21/1200-21/2115 B, B2, CJM, HG, HMS, , M, Mo, W
f, x, i, P5, BL, S
20, | Sept. 26 2100 ’ n 2.0 1907 1952 3 ®22 £15 1P 5%  26/2100-26/2315 B, Be, Bo, HG, HMS, H, , M, W
X, &, of, B8, RL, S
21, | oct. 20 2100 22 64 7.8 1637 W2 3¢ 526 wus 4B 23  20/1700-21/1400 B1, Be, Bo, CJM, DLP, BG{ BO, M, Mo, W
H®:, H, JP, K, kb, OH,
PS, RL, 8
1958
22. | Feb. 10 0600 14 . 37 3.2 9/z108 2142 2+ 812 W1k 82 52" 10/0500-10/2400 By, B2, Be, Bo, CJN, Pao, ¥, Mo,
DLP,“WG, HNS, X, Kn,
oH, PS, RL, S
23, | Mar. 23 1500 3 53 3.2 0947 1005 3 Sik ET8  5h 13® 23/1500-23/1830 B, By, Bo BO, M, Mo, WH
24, | mar. 25 1530 13 122 10.0 0557 2 515 B50 9P 3@ 25/000-25/1545 B), Bp, Be, COM, DLP, [BO, M, Mo, WH
uE, XS, K, kn, L, M,
PS, BL, S
25. ] June 06 0600 Yeak ob36 o8  3(2) m6 w78 1P 12 ol /2300-06/1345 Be, Bo, DLP, HG, HNS, |BO, M, WH
m, o8, PS5, §
26, | July o7 o3 22 9%  23.7 0020 10 ¢ x5 wo8  ob 20" 07/0200-07/600 B, Bp, Be, Bo, CM,  }PO, M, Mo, W
DLP,"HG, WS, JF, X,
™, L, Gi, PS, BRL, 8
27. ] sy 29 000 30 1.5 059 o3oh 3 sik Wk 1° 01  29/0400-29/0500 B2, Be, Bo, P, BG, , M, Mo, W
: ws, 3P, X, ;,0H, RL,S r
28, ] Aug. 16 0600 16 T 215.0 033 oo 3+ sk wso 3P 28" 29/0600-16 /1200 B), B2, Be, Bo, CIM, PO, M, Mo, WH
(2 a/hr) P, K, EmS, JP, K,
K, L, OH, P8, RL,’S,
34
29.| Aug. 21 W00 o)’zv 19 3.0 20/0042 0O4S  3(2+) M6 E17  13016® 23/14k00-21/1730 B1, Be, DLP, HNS, K, Kh,{BO, M, W
b L,K, s
30.| Aug. 22 153 1 8% 10.6 a7 wso 3 m8wio 1P 23 22/1500-22/1745 B, B>, Bo, CJN, DLP, , M, Mo, W
T » X, B, L, OH,
% ®|, s -
31.] Aug. 26 0100 1dp/ar B9 16.6 0005 o273 w0 W5k o 557 26/0100-26/0400 By, By, Bo, CJM, DLP, WG] BO, K, Mo, WH
HSS, JP, K, I, L, OH,
PS, RL, S
32.{ Sept. 22 oo 22 8o 5.0 0738 omso 2{2) swywse 6" 22 22/0530-22/1730 B1, Bp, Be, Bo, HG, MnS,| BO, K, Mo, W
JP, X, Kb, (H, PS, RL, S
159
' 33.| rev. 13 0800 12 h 2.6 12f2301 2325 3+(3) M3 E48 8P 508 13/0800-13/1400 By, Be, JC, I - B0




PCA'S WITH ASSOCIATED FIARES AND SOURCES (comt.)

g PCA Rise  Duration Abs. Fiare Original
Bo. | Date Beg. Time hrs. Ihrs. ab. Onset Max. Imp. Position t Range Start Times Sources Otbers
35. | July 10 0h00 0.9 30 20.0 ROG @230 3 %20 B60 1b s 9/2000-10/1000 B, B, Be, CM, DLP, B0, M, ¥o, W
& /ar =, Kk, b, L, OF, RL, .
3. | July 16 oks 27 72 23.7 0325 03k9 3 m7 ok 1b 200 1b/okls-14/0800 B, By, CIM, DLP, BND, | BO, M, Mo, W
0527 X, ¥, L, OH, RL, S,5L
37. | uly 16 <2250 M0 168 22,2 21k 2128 3 m6we 1P IR 16/2200-17/0600 81, Bp, CIM, I8, MO, 0, Mo, WH
: ' J¢, K, @, L, OF, EL,
s, s
38. | Aug. 18 1100 60 3.0 1lmb 1030 3¢(3) M2w33z O W 18/1100-19/10kx B, e, DIP, X, J¥, -]
K, 5
%60
39. | var. 29 o8B 50 — 2.6 06W0 orio  3{2+) m3E3P L 29/0800-29/1100 B, B, G BO, Mo
ho, | Mar. 30 2000 2% 5.0 1455 1540 3¢(2) m2mn3  5° 0™ 30/1100-31/c0700 ;g, M, EHO, GM, JP, K,| BO, K, Mo, W
5 8, Sat.
K. | apr. aa 1000 6 e} 3.6 0843 0859 3 mz2wva 1217 01/0930-01/1000 9, B2, G, &, K, L, 5,| 30, K, Mo, WM
&t
42, | Apr. o5 okoo D16 55 3.1 oas o2ks  3(2) m2wez 1P L™ 05/0k00-05/1400 By, B3, EHO, G, OM, K, | BO, K, ¥o, W
L, 5, sat.
43. | Apr. 28 230 12 30 3.5 0130 37 3 805 E3h4 1" o™ 28/0200-28/1000 B1, Bz, O, G, GM, BO, M, Mo, WH
P, K, L, 5, Sat
4k, | Apr. 29 000 0.k 1% 1.0 o7 0210 3(2¢) mbw2a 22 5P 29/0200-29/700 By, B, WO, G, GK. JP,| B0, M, Mo, WH
a/hr g;;z K, L, S, Sat
45, | May Ob 1030 37; 8 3.4 s 3 3w  oF 3™ O4f1030-0k/1200 B}, Bp, WO, G, JP, X, | BO, M, Mo, WH
[ > S, Bat
46. | My 06 1600 o}:ls_.o.ga 103 16.0  1hok W8 3+ 509 07  1PS6R  06/1400-06/1800 B), By, EHO, G, JP, K, | BO, M, Mo, WH
a, - L, 8
47. | May 13 0620 0.7 65 k5 0519 0532 3¢3) me9 w7 1b o™ 13/0620-13/0800 B, B2, BHO, G, JP, K, | BO, N, Mo, W®
®/or L, 8, Sat
48.{ Sept. 03 0500 RN 2.7 037 0108 3(2+) MBEBB  uh 23 03/0500-03/2300 ;1_. B, ERO, G, JC, K, | BO, M, Mo, WH
b9, | Mov. 12 W00 16 73 2.2 133 1330 3+ K27 wok  Of 4R 12/1400-12/1600 % B2, G, B, K, 8, ' BO, M, Mo, WH
31
50. | Mav. 15 o430 15 79 20.0 0207 021 3+3) m%6wW3s  2h 23® 15/0k3-15/1200 a, B, G, JP, K, S, BO, M, Mo, W
t.
5.} Fov. 21 000 15 51 3.0 20;1_35; 2020 3(1) m25w90 6h o™
20/211% 2135  3(2) x28 W90 4B 6™ 21/0000-21/1300 B3, By, 6, P, 5 BO, M, Mo, WH
1961
52. | July 11 2200 0.08 1.3 1615 1659 3 507 E31 5% 4s®  11/2200-11/2k00 L, M, Sat BO, M, Mo
db/hr 1o
53. | July 12 1900 ‘:./:r ™ 17.0 o950 1®5  33) sorE2 91" 12/1300-12/2115 B, I, 1o, Sat 20, ¥, Mo, WE
Sh. | July 18 1130 8 55 10.0 090 1005 3+ 807 w59 20 10 18/1130-18/1200 By, JP, Lp, Sat BO, M, Mo, W
55.| July20 2200 Weak {1553  1600] 3+(3) soswgo [eRom Io, Set BO, M, Mo, WH
1633 1653 B o -
1828 1847 38 3m
56. ! Sept. 10 2000 18 ™ 2.9 1555 6o 1 mowg &P o5® 10/2000-10/2300 B3, 3O, Sat N, Mo
S7.| Sept. 28 2245 1.7 ab/h 3.3 22 223 3 W3 E29 OB MF®  10/2245-10/2335 B, L, 1o, Sat, Bal BO, M, Mo, W
Ppre-sac
: 3.3tdb/n
8
1963 post=
58.| Sept. 20 2400 15 Sk 3.1 2uk k03 2 mowog b kM ‘m, »,
59, | Sept. 26  o7hs 8 89 4.6 0638 om7 3 m3 w8 1% o™ 26/0730-26/07M5 P, B0
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Dvorysshin, Levitskii & Pankratov

Ezeland, Hultgvist & Ortner

Preier & Webber
Gosling

Gregory

Greenstadt & Moreton

Rinl

Hakura & Goh

Hakurs, Nagai & Sanc

Jelly & Collins
Jenkins & Paghis
Kahle

Knocholava

Leinbach
Leinbach
Malitson
Malitson & Webber

Modisette

Coayashi & Halkura

Piggott & Shapley

Reid & leinbach
Sinno
Shapley & Lincoln

Warwick & Haurwitz

TARLE 2

SOURCES USED FOR POLAR CAF ABSORPTION DATA

J. Geophys. Res.
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J. Phys. Soc. Jeapan

J. Phys. Soc. Japan

U. Alaska Geophys. Inst.

Can. J. Phys.

Ark. Geofysik
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1962
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1959
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1964

1960
1962

1959
1961
1962
1962

1743-1753
Los-sh1
106-112
146-150
150-151
189 pp.
35-52
4695-470
311-325
481-488
1605-1629
1233-1238
3097-3107
3299-3316
37-102
635-650
14-30
706-718
1056-1075
76 pp.
90-96, 07-913
735=740
230 pp.
16 pp.
105-117
1-17
97-104

3143-3148
111-120

1801-1805
1-10

289 pp.
1317-1332
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1.e] 2.23 3 wo 160/3+] o (§) (1Boo0) DdeT00 >20000 | 8¢ 1.5 0.5/%7/6.5 13.0 13- 7 (®) (¢ 3} e ok
2. 310 2 ® urfxf - - - 850 x 6o - n.0/9/- 3.5 23- 20 A - - -
3e! B2 33) ms &3 - 4 [} (Owo) 20500 | Bo 6.5 2.0/351.5 b9 3¢ a = (¥) 91 831
P S 55 ¢ 2 o 2of+l - f [ {15} = 8 2.5 s.sAjo.s R 2 ¥ a L o 338
s. %g 3 s 13ie ] - - [ (1) x 9 17.0  Mhof22/s.5 [ %1 8 PO | (#p) 223 557
6. 03 3 wo  35/2 - o ° 210 | 6- 1.9  5.0A3- 3.9 | 2o 20 [ uo 682
7. 6-19 2¢(2) ES M3 ¢ ¢ o (2325) 2260 | - - 6.0//~ Weak 290 % 3 “p m g
8. [6-2 2 n2 W - =z s - To 2.5/68/- 5.0 23~ ® 3 ap 67 &S
9 1-03 3 wo 61/2+ - & o »600 oo | 7+ kO 1.5/38/0.5 9.2 300 3 N ¥ 108 500
0. T-2% 3 wr 133 - ¢ o 2rs 3 | - - 3.0/=/- 2.0 20e 2 = A¥ & sok
n. 8-09 2 6 35/3- - - {105) 26 o | - - 9.5/~/~ 3.1 230 % I - 15 1
12, 3{3) =35 138/3 - ¢ = uge 200] 5.0/31/- Wesk 19+ 10 = 4 %5 T
13. {829 32) w0 8f2e | # - o (760) mo} oo {h.olm/z 3.2 |2 2 % ¥ % T
1k, 8-29 3(2) B0  16/1+ - - 1 x 20 | 0 - 3.5/k1/- 8.2 22- 2 = ¥ m 8oy
5. &3 33) woe 1Byl - ¥ [ (3900) 320 | 9= &5 1.5/31/9 LX] 30- ¥ s ~ 21 17
6. 9-03 32+) w6  6Bf2- - @#® o 29 (250)| 9 22 A.0/AB/Y 7.2 s 135 @ « 1 626
17 9-12 3 we nofal & ¢ {m3) 1o s20 | 9= 6. 23.5/w/3 0.5 150 T (4 132 T
18, |98 3+ 208 150/3 | - # ° (215)  »2m |7¢ 6.0  3.0/65/8 ' 20 12 r ] T 1998
9. leaa | 3 ws é3- | - # o (75) 1250 |9- 6.6  3.5/%/- 50 |3 m x # 1% &
2. |92 3 ns 1o/ | - 4 0 67 W jo B 2.0/53/2 2.0 1o 8 ¢ ap b
21, Jio20| 3 wWs 1%/ ] 6 4 0 (woo0) 120 |7- 8.2 A5/ 7.8 19+ 1 ¥ 8 » AT
1958
22. | 220 2 s 201 - # [ >0 »3000 |9 5.2 9.0191.5 3.2 8 » 0 ’r 03 6%
3. |[3-23 3 78 19/3 - f [ 1360 1890 |6 na 5.0/5k[2.5 3.2 Fa 3 a = 14 iR 1™
. [3-25 2 B0 212 - - (208) 58 6o T 9.5/-/t 10.0 33« 3 = s 28 15
25. | 6-06 32) s s50f2 - # x - 650 8 .- 1.0/30/¢ 20+ B W (V3] 17 13
%. | 1-07 3 ws 125/3 | # # 1700 (3770) 000 |90 7.8 0.5/31.5 237 I M 1% 686
21. | 7-29 3 wh 120/ | # 4 (200 *200 (30000) {5+ 2.0 1.0/s9/2 1.5 - 9 r Iid 91 568
28, | 816 3 wso 183l - 4 {5800} 503 18000 ™ 5.8 1.5/28.5/-0.5215.0 2 o i 208 935
2. sa He) M7 W2e | F W (3w0) 1260 15 |6 %o 13.5h2.3m.8 30 130 6 = m 203 163
2. {822 3 wo  1rofx | - # ° (1500) 1400 8 92 1.0/%/1.0  10.6 e E_ I 14 u2  uge
3. j|6-26 3 wsh  2k0/3 | & # {5050) (5000) 5000 7- 38 1.0/26/2.0 16.6 23- b7 S (Fr) 16 6
32, | 922 2+«(2) w2 33/f2 [] {%) 3% x 7o - 6.5/62/0 5.0 7- LI § (fr) 209 1087
- !
3 2-13 3{3) #8 hof2 - & (h0) x 70 6 b0 9.0/28/-2.0 2.6 270 2 = fe
». | 520 3 7 S60f3v | 4 4 ° {2500) 1050 8¢ 1h.8 2.0/24.5N1 2.0 23+ s B ( fi )
35. {i1-20 3 B0 190/ | # (#) (63mw) 130  »lk00 7- 9.9 2.0/%.5/1.0 20.0 200 13 =z )
B, i{7-2k 3 B0y | # # (6000) 130 10000 % S5 1.3/17/0 23.7 2% 6 (1)
37.® |{7-16 3 Tfae | - # {1500) 6500 u00 9- 135 1.0/18.5/3 a.2 k- L ¢ (€8]
38, | 838 3(3) w33 120/3 ¢ ¢ o 985 6250 6 6.8 1.0Mmyjo 3.0 N 2 z 3) pERL]
1960
39. | 329 32¢) B0 12| - #) &0 ] 38000 9-  10.0 1.5/50{2.0 2.6 23+ 8 = ( £ )
w. M3 | 3 m3 103 |4 & o im0 6o |9 Mo s.of3ms 50 2% 2 ~ 1650
a. || v 3 w 57/3 - o 22000 500 7+ 5.5 1.5/31/1.0 3.6 65+ 21 r (A0
&2, [{ o5 32) w2 157/ | # # x 2400 300 5 - 2.0/59/~ 3.1 3o » r %)
. [s2e | 3 B a0of3e | # 4 20 2 x } . 6 {x-omm 3.5 |40 W (fe)
w. {[s-29 3ee) w2 0f2¢] # & us x x 3.0/22.5/13 .0 | o 5 1 H
45.¢ || 5.0 3 wo  35/3 - # o %50 x T - 0.5/54.5/- 3.4 10+ s W -
4. | 5-06 I 7 151/3 ¢ ° 695 z 8 1.3  2.0/36.5/0.5 16.0 k 60 9 P
7 5-13 33) wT a2/ f # # ITse 2065 x [ 3.01  1.0/69.5/t bs 20+ n r ¥
woloos | e e ampw| 6 4 wowmT o cww |8 so Asmsem 27 |[n- o» o1 L@
wellla2]| 3¢ whfael - @ ° 5500  »2000 } o 120 {1.0/71/0.5 2a.2 |3 6 » 6 .
soefluas| 33 ws wyw| & 4 usw 2w 2spspos 2o | & (1) i
sellnal| ) >ew e ¢ o Ww @ e 2o Goasas o ¥ b ® %!
1962
s2. | [rn 3 2 25/ 6 # o 1500 >900 } o 120 {6.0/31/1.0 1.3 | 17- 9 x n 100
53. | [7-22 3{3) L7 #=e o 00 22000 9.0/6/1.0 7.0 | 9 s % (p%)
svel |8 ] 3 w w3 | - weeo 200 1000 } o {z-om-sm 00 | Mo 53 % Und)
ss. | [7-20 3¢3) w0 370/3¢| # # o 1800 hooo 5.0/8TP Veak 20e 19 @ @1
w. | o0] 2 wo w/s3| # # ° w x 6o 3.0 k.0f68/% 2.9 | 1o 7 @ @I
s7. { 9-28 3 »y 62/ [ 1690 800 >900 9= 7.0 1.0/%.5/0.5 3.3 8o s ¢ ﬂf
1963
8. | 920 2 wo a2m/3| # ¢ 1400 x w000 | 9= 3.2  1.0/1m10 31 |2« 13 & ()
9. | 9-26 3 w8 102/3 (#)yme 21850 1008 20 | 60 2.0 86 | n. 27 @ ) (‘l f

1.0/36/10




g 2 & & 5 & 8 g & a 5 =% # g & =3 3y £ & @& & gy g ® &
mmem i &8 0§ & & 3 g & & § § § % § % 8§ & 3 §
w:mmmmmmmmmmmmmmmmmmmmmmmmm
g & & § 3 & 4 ¥ F 3§ B § B 4 f 3 § B 4 @& 4§ i @ i
4y ss o 93 v g B sy sg Ty ose e 4§ B AR W W\(rnm ~ng 3% 18 %8 23 R§
REi: R ®g 2R . % K§ %% 98 4 SgE 4y 5B gy % 3 % 3§ s o AR % wp 3§ 33 9% 2y
W.mm 5§ 8B %% % 5 SR 8y ey ” gL %6 4F 29 % BF %R VM R§ A% A9 RE 4§ Am op E 9 2p 89
mm 27 8% 88 %% %8 B3 %8 mp sy ¢ sp Np R 59 sk R85 MY ove m§ @3 QB ag o¢ w3 ep w2 3R 8y o3

g sy @8 8§ EY 3B £f 28 5§ a3 B! NE st R 8¢ 3@ 29 %% % AE 8B KB RY 9% 8§ %9 £y 8 gp AR
u“ o 48 55 ¥% R 89 S8 E3 8% @3 5K S Sk N5 48 %2 BR A% SR OBR % M5 4% %% A8 SR BB B§ Y 3w
m m n % LB 21T W81 W @ "2 0¥ o8 N e am3 Wi R QR a3y W "y w 8 ZE1 a8 oFF o318 RS WXZ
m VY 5 Y ¥R aq® - Y SRH ¥ ~ii aZl &) s W8 oS EY L 4 S WS &y w38 oM w85 WRE wWjd %
2 mm T wr? 85 wnf wgh =85 <xl 2% o$E  oad od® aZ1 we® WRN el WRL w48 o]R ATA wdE W81 Lol Wlf o3 WX W%E WRE .
mwm e mm wnf w81 238 o810 W1 a3f JEi oga g - W1 RE ouk WS nd® T11 W38 a@EF w1l wS1 W81 38 WyA okF WBF «%1 ugH

7 .._Iw.% well WSl =1 WS Pk R L3 wag i ws | [wef] Wiz o8 [RY Wi e a2 ~ 38 _HWH_IW wgl oS W& g2 o2 WB1 ugt was
° _:Amw w81 og8  mll wBl oI oFR an® w2 2 wk3 g oud W0 eh wg® ofS w aZ1 it wgR “81 g8 £ oRF wli kA s
Ple 8,8 £ B 0§ &£ 03 0§ 0§ 4 s 88§08 0§ % &8 §E %GB £ |
memmmmmwwmmm F Y E 8 B O OB OB OB OZ i _
M3z § & & & & 5 g g 5 & 85 % 5 5 5 & § % % 3 § % E
e 3 3 1 8% 7T ¥ o¢os 3@ o3 o303 o:o:ofilo®TETOLOroEoTOTONOE

g8 4 & 8 F &8 4 4 4 4 4% ¥4 5 9 & & & 8§ & & £ % & s £ 8 A

N
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TARLE &

SUNBPOT DATA (contioued)

Tarica Cinss
Sunapot Group MNagastic Class Sunspot Arss Umbre., Sunspot Position
Fiald Strength Mole Spot T
m WL, W, Gr. (] -1 2 -3 5 =5 [ -1 2 -3 =3 -5 L ¥
2. 922 W65 | 13546 18312 :’ | ] E 3 [3 B g 210 200 ﬁ 262 2710 303.0 518 9/19.59
1 200 ¢ 137 s 1T
5 e &6 & f
1929
33.] 2.13 Poos | 13529 15183| & B ¥ £ x. Ares 1066, 2/25 137.0 %08 z2/15.82
,: [ - ?) [EA) Nean Ares 142, 866
. § 510 s | 1z {193 z e 1 Max. Avea BO5, 5/09 & ns 5/14.52
2 [/ 1552, 5 3 .
e e N hrea 25 3805 1%, 47 S
7-10 [} [d 1
(!) (‘Y) (!)
7-36 [ I5265 | 18286 2908 |\n 2 B ] " X sax. Area 1981, 7/27
I H H gx W m 7] Mean Ares 274, 1012 33 né 7/1k.66
37, | 7-26 |} ® [} X S B
{ [t4) m [ 4 w
-— - - - n -
3. | 826 323 | 14356 19498 & ] 3 z ] z Max. Area 1119, B/28 265 3 8/16.16
® @ v @ @ .(tp) Metn Ares 123, THS
1960
39. | 3-29 3 3 J A a
: » g @ o )
w. |3p] 3 E i Fi A q
@ 4 Py I -
29 - A s - -
@l v 19615 | 14778 . Max. Ares 1650, 3/30 30 n2 3/31.5
. 1 4 r
kb b &
82, | 405 Ir r r ) 4 r r
x ¥ m T gﬂ ~
83.] M-28. f56ks | 28815 3 J 3 3 ¥ 4 Ares Not Available 96 806 4/30.4
o - b A @ =
— - - 17 - -
B DR N
s6e2 | 1884 - - ht - 23 1 Max. Ares 850, kf22 133 no kf21.5
®us. | 5-0M L 3 B B B 5
- - « e ( ¥ )
M.} 5-06 5653 | 1823 ] [ [ n B " ot Available 7 808 5/06.9
5 P - - p) p
—-— F-3 - — - -
A7.1 5-13 [565% | 1hB2S r r r E z © D Mux. Ares 1800, 5/12 353 e 5/08.2
1 [¢4] @ F 4 on
*M8.1 9-03 5838 | 15015 East Limd -4 Max. Area 800, /0 152 ny 9/09.3
Spot Memn Valuss [X74
® 4. | 12-12 r r r r | 4 4
B B LI LA
*50.1 11-15)§5925 | 1511k r r 1 4 r r Max. Area 1775, 11/16 28 w27 1112.2
25 = f..' = o ’_‘
.| n-a, 30° Bayusd ¥.L.
1961
52.1 1-12 3 T X 4
[z« &%
$3.} 7-12 T B 2 n &
pE £ 48 9
6171 | 15353 Msx. Ares 1400, 7/12 48 805 7/18.2
8. | 7-18 ] 4 ) 4 3 ” ;'
. ¢ @ .w & e 26
s5.| 7-20 I E x x .
SR
56.] 9-10 {6212 |} 15h11 1 T | § r r 1 4 Max. Ares 1350, 8/31 % nh /0.4
- !) &) pr @ f)
57.1 9-28 6235 | 15435 c [ [ I £ Area Bot Available 87 m 9/30.7
&) ® {x) (x) -
1963
s8.| 9-20 ® B z 1 - ]
LU U 4| e
I 6968 | 15768 . . . not Availsble 309 mn3 9/20.6
1§ oo #

59



TABLE 5

PCA FIARE - PLAGE DATA

[ EA ‘—mim Av. Wax. Brightoess Tiare DiARE g%. First | Age 1
¥o. | Dey ¥o. o i — E/CH Ty I, O® [Befors After Flare |Botat. Plage Fumbers Previous Rotations
1956 .
1. j2-23 |30 2/17 187  ®0 16000 3/4/3.5 23 3 weo |=8/3 ofo E9Of3 |2 3319
2. | 3-10 331 326 178 m22 3500 10 2 288 jojo 21 882 | 2 Part of 400
3. |8&mn W3 9foe 91 m6 10000 3.5/3.5fR5] | 3 ns la1/o 6/o p90f2- § 3 3598 - 3565
b {13 | 37153 1/93 a1 m§ 5000  3.5/3.5/3 13 2 vioc J20/0 ofo w02 | 2 3709
1957
5. |20 |38 145 & 828 0 332 2 3 wme lwn owe mos | a6 b me {3&1
3797 -{3770)-3729 -)3686 -} 36k2
3z 3689
6. | k03 | 3907 3305 200 m3 5200 3354k 03 3 wo [i12/0 12/0 =mwoL | 6 3672 - 3838 - 3823 - 3788 .{3_1,;?
7. | 6-39 19 2 =5 s5/0 27/2 3980
} b2k 6/22.5 179 mB 3.5/3.5/3.5 { 7/1 | 2 {3991 (In position of 3958)
8. | 6-22 2 2 mnz 8a a3f2
9. | 7-03 ] wo3p /3.0 79 m2 6000 A/M/3 7/03 3+ wo ju2f3 ofo Emh |2 som.
10. | 7-2% koo 7/22.0 8 s 7000 2/3f2 2 3 w27 |28/ 10/a ESB/1 | 3 4030 ~ 3993 (In positiom 3962)
k. j 8-09 5099 o 2 6 j1i/c 8/c B30/ | 2 4056
hot2
12, | 8-28 28 3 2835 |17/0 3R2/5
il Raid | e B/30.0 353 827 8000  3.5/3.5/3.5 ® 2 om0 184 A v | 3 4oB2 -~ okl
. | 829 29 2 w0 |21/2 28/3
16. | 9-02 e 2+ W¥ {Wf5 9/0
15. | 8-: W24 8/30.5 3 21000 3.5/8/3.5 1 3 we k2/o 68/0 ®m0/r] 3 {ﬁ - m
ho95
o 4023-3967-3966
7. ] 912 | am on00 200 m2 900 3.53535] 1 3 we | 1522 A | 2,6 {:gzg - Part of ho6s
ho2g-Fart of 399
18. | 9-18 ks 919 80 mg 7800 -3.5//3 1B 3+ mo8 ]30/3 39/2 ¥0 3, 5 ka2 -JLo75 - ko39 - kool
19. | 9-21 &1s2  9/20.5 6 m 6000  3.5/8/3.5 2 3 wot |35/0 21/0 ET3f2 | 2 (ALY
20.| 9-2 | w59 9/28.0 ®0 19000  3.5/3/3.5 26 3  ms [16/0 &s/A E9o/i | 3, 4 M2k {ﬁ - m
@
21.{ 10.20 | 89 1075 73 825 1Booo  3.5/3.5/3.5] 20 3+ w5 §s8/3 232 mO/1] 2 5155 (In position k120)
1958
22, | 2-20 Mio0o  2/08.3 2 812 25000 3.5/3.5/% o9 2+ Wk |3%/o 4fo E70/}+ f' 3, {:332
e s - ks
23. | 3-23 23 3+ 8 |5/0 &f
} W76 3/28.5 98 B2 15000  3.5/3.5/3.5 { } x90/1 | 2 M2
2k, | 3-25 x5 2 ¥0 |15 T
s.] 606 | w18 s/ 32 m6 B0 25335 | 6 2 wi [k 1o w46 M '{ﬁ - S
2.] 7-01 | 634 7/07.5 203 BB 9000  2.5/3/3 o7 3+ 6/o  16/0 Eofr | 2 4596
21.{ 71-29 Ws9  7/26.5 3\ 819 20000 3/3.5/3 29 3 wis j8/0 30/0 ENA ]| 3 b622-h581
28. 1 816 386  Bf12.5 86 813 1000  3/3.5/3.5 6 3 s9f1  12/0  E90/1 | 2 4653
2.} 821 21 2+ E7 |ikfo k23 ]
3.} 8-22 k708 8/22 322 m8 8000  4/3.5/3.5 2 3 w0 |20An 272} 11| 3 657 - h623
n.| 826 26 3wk lu7/3  9/o
32, | 922 4765 9/19.5 305 818 17000 3.5/3.5/3.5] 2 2 w2 |s2/a 3/0 %71 | 2,5 Yn2
Part of 4710 - w659 - 4622 - 4581 |

)
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PABLE 5 (continued) Pags 2
PCA FLARE - PLAGE DATA
R FLAGE VIR A T RISTONY
S o e
Bo. {Day {%. oo Ares R/CN mﬂ Flare . Bumbers Previous Rotations
199
3. 2-23 so09  2/16 13% m2 koo  3/3/3 12 3 =8 | 30/ 1s/o  290/2 | 1, b §Mostly mew
Part of 4969 - k932 -{m
oo
3. | 5-10 5188  5/15 53 mhk 1000 3.5/3.573 10 3 7 | 3/2 56/3 EBo/1 | .2, 10 )5100
5095 - S0S8 . 5018 - 4976 - 5536
¢ 7% - W80 - KBSk
35.1 7-10 10 3+ B0 | 1kjo T6/e
%.| 7-ml] ses 7 19 m6 12000 3/3.5/35 | {3+ sk | /3 serl mop ]2 {215
520k - 5175 - 5105 - 5070
.| 116 1 3 wp |61/5 29/0
38.] 818 | 533 816 263 mh 6000  3/3/3 1B 3 w33 | Mo 13/0 1m0} S 5280 - 5219 -{;112 - 5120
1960
. 3—':) (29 2 mo] s en ,
L » 2 K3 | 161 s2a
5615  3/3.5 130 m 000 3.5/3.5/2 msial 2 539k
w. a 3 wj 281 bofo{
2. &0 o 2z w2 ] s3f2 1s/0
a3 28 5685  kf30.5 9% 808 500  3f3f2.5 2 3 R { 2/0 2/0 ETofi| 2 %18
.| 29 29 2+ wa| /0 1A
821.5 1 w7y 00  2.5/3/2.5 { } 230/21 3 9615 - 559
s, s-ob} /2 b o 3 wo I 23/1 . ofo
%6.] 5-06 %653  s/ov 8 sor oo  '3/3/3 6 3 por| 13/0 1/o BPOA| 2 5625
M.| 513 sésh  sfor =9 2000  3/3/3.5 13 3 w? | 31/0 T/o B3| 1 New
.| 903 {g} 9/10 e mh 10000 3.5/3/2.5 | o3 2+ 88| ofo 20f0 w82l 3 570k - 5749 (5835 merged with 5837)
. 11-12 12 3 wok | W2 S7/2
so.] 11-15)} sS9e5 1/12 0 KN 9000 3.5/3.5/35] (35 3 wis| s2/A 91} E9AA| 3 5094 - 586k
s1.] 1-a1 20 2 wo { %1/5 ofo
g6
s52.{ 7-11 l u 3 3 | 12/0  59/3
53.] 7-12 . 12 3 221 172 Shfe
an  7/1.5 M S0 5600 3.5/3.5/3.5 2s5/1] 3 61k - €122
sk.| 7-18 18 » w9 | 572 WA
55.] 7-20 i 20 3 wo | 7T1/3 ofo
s6.] 9-10 622  gfok.s 7T =ms 6000 3.5/3.5/3.5| 10 1 wo | 6/o 1/o W] 2 a97
57. 928 | &3 10/a o ms 333 2 3 =9| 1/0 Mo wmoaAl 3 12 - Qgr
1063
58.] 9-20 20 2 w9 6f2 1A
.5 mb 800  8/3.5/3.5 /1l 3 6931 ~(Part of 6905)
9. 9—as$ % ofx Ho /3303 {as 3 w8 | &f2 1fo
61




.

E

Serial Ko. PCA - Plare Lo ,,":""‘“ *
Table i | imte MY Y3 230 Nav Coset 53 E) ] oy B Tree
1. g 13.0 ok 1.0 x 1 o3k - 3 wio - - -

2, 3-10 3.5 P 11x 108 o515 - 2 208
3, -1 a9 Do 2.5 x 107 1226 1246 3 s
' 13-13 5. shy* - W30 150 2 w10
%7
5. 1-20 PY Mhod® 2.0 x 108 1100 mg 3 w8 1250 1320 A
6. 403 3.9 shos" - 0825 0635 3 w0
7. 619 Veak ehogm - 1609 1613 2 Y]
8. 6-22 5.0 2 - =% - 2 n2
9 7-03 9.2 1Dy 2.0 x 107 on2 o7s 3 o 0830 055 Al
oy 083 0BAO 3+ we
10. 724 2.0 FPo¢ - 12 1737 3 w27
1810 1828
1. 8-09 3.1 P } 15 x 1P 0617 0629 2 76
by 13% 1355 1 w7 1346 1629
37 >2357
12, 8-28 Veak s - o810 0955 3 B35
13. 8-29 3.2 3850 28/2010 202k 2+ 5]
1. 829 8.2 ot } v x 2 {wsx we 2 20
15. &3 49 e - 1257 3 3 woe
16. 9-aR 7.2. e - 1313 - 2+ 3% 1525 9% or
High Intensity
17. 912 0.5 235" 1/e% 0300 3 woe
18, 9-18 Veak {3"@' } - {1658 1780
1R 18 18%0 3¢ EO8
19. 5.1 P 15 x 1P 1330 1335 3 w6
20, 9-26 2.0 LS o - 1907 1952 3 ns 2050w  Imp. 2
21, 10-20 7.8 Lt 5.0 x 107 1637 1642 3¢ whs
1958
22, 2-10 3.2 s 1.0 x 207 9/2108 2142 2¢ 0k
[23. 3 3.2 . 2.5 x 108 097 1005 » £78 1030 2000 L 1,2
2. 325 10.0 s - 0557 - 2 50
2. 6-06 Voax 1 - ok36 OB 2 L)
2. 7-07 3.7 ord" 2.5 x 1P oo ao 3 woB
1. 7-29 1.5 1hgy® - @39 030% 3 e
28, 8-16 p15.0 1ot %0 x 207 o33 0bho 3¢ w0
29. 821 3.0 13 - 20/00k2 00k5 2+ Ry
. 8-22 10.6 1P 7.0 x 107 w7 1450 3 w0 16108
n. 8-26 16.6 obss™ 1.1 x 108 0005 o027 3 wsh
32, 9-22 5.0 Ehoom 6.0 x 106 0730 o750 2 wh2

62




]
.

63

' Serial No. A o ' Yiare R
Tadla 3 | Dute S y 3 >30 Nav Onset ax by, OB - B %e
) 2959
' 3. 2-13 2.6 s - W/ 235 3 e
n. |s5w 22.0 Pom 9.6x 1P 2055 21480 3 o7 220 23 m, 2
35. 7-10 2.0 st 1.6z 107 025 30 3» 60 0508 0900 Al
l 6. 7-1k 23.7 itag® 1.3x10% 0325 { o 3 B0k 053 0900 Al
7. 7-16 2.2 Pl 9.1x 108 214 kL w3 2152 2310 A3
38 8-18 3.0 Puc” 1.8z 16 1mb 10% 3 3
| -
19, 3-29 2.6 1ed® - 0640 ono 2¢ £30
‘ %0. 3-3 5.0 shos™ - 1455 1540 2 n3 1511 200 A 23
' a. [y 3.6 A o0z 1P o83 o5 3 Wi 0537 Eo b
2. a5 3.1 e 11z s o5 2 we2 30k 17 £, 1, 325
3. 428 3.5 oo™ 5.0 x 106 0130 @3? 3 N
. [u. 429 .0 st 9.0 x 1P co7 210 } 2 w2y
0359
. 5.0 3.4 * 6.0x 1P 1000 1006 3 wgo 10350 134
6. 5-06 16.0 e b0 x 105 140k e 3¢ 207 15%0 1700 A2
' 7. 5413 s - e k.0 x 106 0519 0532 3 w7 o5k6 a3 51,25
&8, 9-03 2.1 D o 3.5 x 107 o037 08 2 %88 @5 1200
a5, n-12 a.2 oPas™ 1.31209 13s 133 3 woh 1405 19%0 a3
. 50. 1n-1s 20.0 2o 7.2 3 108 0207 w21 3 ws @23 0300 x 6
s1. u-21 3.0 chos™ 8.5 x 107 20/1955 1 wo 20/7110es 2257
{ P 20/211% 2135 2 w90
1960 -
' s2. 7-11 1.3 shas® 3.0 x 1P 1615 {1659 3 3 1746 1816 X2
53. 712 17.0 C2Ta &0z 207 0950 igsn - 3 22 1207 136 ARl
k. 7-18 10.0 2 3.0x10® 0520 1005 3¢ w9 1028 1200 K1
' > e - {g?r:} 5.02 16 {izss; :gsog} 3 w0 1605 % 2330
. (P 1828 1867
56. 9-12 2.9 WPos® - 1555 1610 1 w0
. st. 9-28 3.3 ki3 6.0 x 1P 2200 z3 3 229 .
1963
8. 9-20 3l et - 2318 2903 2 w9 2000 240 %, 2
. 59. 9-26 b6 o™ - 0638 ont 3 ore 2017 %, 1,2
* From Bruzek, Ap. J. 140 (2) (196k), 746 #* Salar Activity Seport Series; 1, 6, 19, 20
l A, Sesn in absorption E, Seen in emission




TARLE 7

SMALL PCA'S REPORTED BY TWO OR MOR® IRDEFONDENT ORSERVERS

TCA Duration Abs. Fiare ko Y Original
Kz, jDate Bez. Time,hrs. hrs. 4b. | Onset Max. . Position |Renge Start Times Sources Plage Sunspot L !
N .
s1 {1-36 1600 L) 2 s, 16/1600-16/2230 B2, Be, XC 3065 1128 61 %
16
sz |4-27 2000 48 1546 1+ S1k B3k 127/2000-27/2200  Be, X W77 1059 3% s15
1957
$3 {2-21 1800 Te-96 1605 1930 3+ W20 W30 |21/1800-22/1600  Be, WP, JC 3856 1210 10 ns
P, 8
sk | k06 0800 66 3.2 | 05/1833 1 515 W90 B 3907 12235 229 515
$5 {4-22 1700 11/1722 1738 3(2+) 823 KO |11/1300-12/1700  Be, JC, JP 3923 1225% a3 s22
& |7-01 1200 £ 01/ 000-01/1200  CM, H
sT | 7-28 1500 2 Weak | 2340 R 2 s2b w83 |28/1500-28/2100 H, JC, PS Loto 12496 139 se3 .
S8 |9-22 1000 0643 iv RS W32 jo2/io0c-22f1000 M, PS s 1262 85 x3
ro732 oTS0 2 w3 Wis
59 }11-05 003 10 46 2,6 |oefoDs8 012 1 820 W38 | oh/2300-0%/0300 ®), Be, DIP, K k207 12732 240 524
1058 1 82k W39 3, '’
1732 1780 1 25 wis
s10 {12-17 1300 Weak o3k 0737 2 ®20 B4l }17/0300-17/1600  H, JP, PS Lk 12855 313 m8
su }12-28 2300 30 Weax 29 2% 2 w5 @50 |26/2300-28/2h00 K, JC, PE 4321 12878 263 x22
2958
8512 {3-11 [ e o) Weak | 0030 ookz 1 ¥11 B2 |11/0300-11/1000  Be, JC, PS, S kg 13076 307 n
s13 | 3-1 2200 1hsk 1507 2 521 W8k |14/1500-14/2200  Be, COM, JPPS,5 | 4bkS 13063 15 s18
s1k |3-31 1600 F31/0005 OOk 2 817 wez }{ n/wr -31/260c 3¢, JB 13103 R 513
30/235 230 1 S10 W31 W76 J13n0
31/0038 0052 2 508 w23 13110
31/0025 0031 2 w37 E5H Bk 3118
515 | k-10 0900 68 i e 8, B2, Be, CIM
3P, K, 1), PS, RL,8
122
516 [ 1-26 1500 o842 0900 3 mé wo1 Jc, JP o6 13878 106 n7
517 | 6-13 1330 1.5 | 0357 0358 1 m7 £58 |13/0800-13/1330  Be, JC, X 520k 1211 330 n7
513 | 9-2  ohoo 8 Very rlgea 1938 2+« W2 260 P2, WO, C isash 1Ml 355 n2
small 1648 170k 2+ 812 w52 530
1.5 P19kT 1953 1+ %03 W15 LE ond
02/0310 Oh3v 1+ M7 E2 534C
1260 .
s1o {1-11 2200 9% s 2040 2126 3 x2 E03 |11/2200.12/0700 B, & 5527 660 101 ng
’ 13/1600-33/2000 JC, § .
520 | 9-26 0900 120 2 & 0525 0537 1+ 822 Wék |2$/Z100-26/2300 G, JC, JP, K 5858 15083 353 519
161
$21 | 11.10 1500 2 & | W3k bk 1+ M9 W90 }10/1500-10/1600 By, Ba, BO 6264 - 15M61 5 09
162 v
s22 |2-01 2030 1-28b 0901 ogor 2 10 W¥ B0, Sat 636 15507 298 mno
16
s23 | k-15 1200 103 nx 2 S11 Wob 30, M 676 15T 246 812
& Most proteble flare
T %o reasooable flare or region sssocistion
s and plage ins le




PCA'S REPORTED BY GRSGORY ONLY IXUNING 1960

TAME 8

1 JCA Yiars ﬁg; Active Region
Durat: Delay Source Plage
Yo, UT Sirs Max Position Hours, Statjon JPlage  Region § No. L Age
@ has o3 1 133% 2 820 w68 b1 ns 5525 2245 10657 m &7 Pev
63 |a-7 ot [} “06/13%0 13k 1 513 W& 17.5 Scott B. | 555 1423-3 TR 196 813 &
06/1426 2 815 wWo3
ok 225 20 L} -
65 [2-29 16 8 1522 1546 1 w22 Bk <1 Scott B. 5586 262421 14738 172 -] 2,5
0140 2 832 W56
86 310 18 2.5 { 116 1720 1 ®5 BoB 1 ns 5592 1424-39 14751 L S -] 3
G7 }3-17 18 3 186 1620 1 5 w2 1 HIS 5597 1425-1 L S 5
R
e j15 10 . *OTL7 ong b3 n2 vy 2.5 . 7 5627 1426-11 1796 33 WM Pew
0950 0957 1 %23 268
A0
Gl6 j5-05 08 >3 oT0k o7 3 516 255 1 s 5657 127-11 pL.53 2% s0% 3
*DEE
G18 |5-17 15 2 “0u18 025 1+ 809 333 n 73 5663 1427-28 14800 197 512 3
pLMY a8 1- m8 wod
Gl9 |5-26 10 3 of18 0928 2+ 06 s 2 ] 5669 1427-M0 1840 126 m3 13
G20 |6~ 1M 6 ol 0900 3¢ =8 x39 6 7] 5680 1428-02 16867 W3 W0 2
6a |6-15 10 2 0635 0653 2 309 308 L3 K8 5695 142822 14808 199 812 3
a2 j6-25 17 >2 nu 1215 3 x19 ok 6 ns .
G23 {6-27 23 >1 240 2156 3 n7 w3 1.5 ns 5713 1428-39 1508 69 W0 Now
G4 §6-28 19 1.5 je121% =17 1 »1 W37 7 HL8
s 1825 1 »08 68
25 18-11 24 5 1926 1929 2+ =2 B2 s s ST 1430-13 181 W3 me0 2
626 §8-26 10 5 0847 ods2 1 M7 W0 1 s 5802 1430-23 1989 68 w7 3
+ans
-
629 f10-3 16 10 - H8
G30 j10-29 12 8 1026 1030 3 0k 25 1.3 HLS 5909 1433-19 15099 185 m2 Sew
3t fu-10 18 >1 1009 1023 =8 w8 8
63 -1 ok > 0305 030 2 8 K2 1 ns
tase 5925 1433-39 pLibey 28 R 3
63 -k 22 >1 214 2120 1e ns w7y 1 AL
L) .
6¥% hi-19 12 >2 1001 1059 b3 25 W0 2 Soutbern
anes
63 ho-06 o5 6 5/1825 18% 3 ©6 268 n o8 5959 1k3-38 151 8 mes Y
S Preferred Flare
- N Flare A
ICA's Reported by Gregory and Others:
e For: G1, 28
See Twble 7: 819, 20
sons For: » 9, 10, 12, 13, 14, 35, 17, 27, 33, 35, 37
Ses Tables
1- 53 39, &, 42, b3, bb, b5, 46, k7, 48, M, 50, 51
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.

Ho. Date
8-19, Gl -1

« (1) G 1-15
3 2.07
€3] 2-15
65 2-29

a6 3-10

G7 3-17

39, 68 3-29

&0 3-30

(3) &, 09 4-01
42, 610 405

(b) o1 25
43,012 428

(5) s, ;13 29
(6) &5 5-0l
(7) 46 506
(8) G16 5~09
&7, Q17 5-13

(9) m8 517
(10) 619 5-26
(1) G0 6-01
(12)f 21 6-15
6-25

3 6-27

G4 6-28
(13) 625 8-11
{14) @26 8-26
(15) 48, o27 9-03
(16) 820, G28 926
(17)}29 10-3
{030 10-29
(18){c3nn 1110
|

* () See Notes, Appendix 2

EEBEEEEEEE

FEEEE8EE

ot
8

5

FEEEE B EEREE

v
J® IV FEREE

-3

103

2.6
5.0
3.6

3.1

3.5
.0
3.k

1.0

isra

g3 dddadadad

[
.
~

n
.
[-]

s

1.1xad®

a0

1

§

3.5x107

| At poy
-11.5 0.4
- 3.5 0
3.5 0.3
1.5 °
« 1.5 «0,5
- 0.5 +1.6
3.0 0.7
1.0 0.7
~15.0 10.0
5.0 3.7
<= 1.5 4.3
7.0 2.3
1.0 0
0 1.3
<- 3.5 0.6
<12.5 >2.0
<B.5 W1k

L1 T
29 2.0
70.5 0.6
20.0 0.6
26.0 0.7

1.0 220430

5.0 >5.k
16.0 >33.0

3.5 17.0
3.5 >0

<k.0 1

1.5 51
21.0 1.5

o 1.3

1.5 5.0

o >2.0

2.5 255429

>7%.5

10,0
k.5
1.5

47.0

39’5
<23.0
~10.0

1.0
29.5
70.0

26.0
51.0

> 9.5

>143.5




TAME 10b
DEORTINCE o FLAKES POLLOND
BY NAXE PCA XVENIS
VR B 7 N x_ 4 3
P - PO~ =Y I -0 < -8 PP 3 e e
1 Date | OO
[ [
1] 7-03 | W0 | 000 w0 83 2 LAY 76 | w3 :://&36/;1/5 ™ 15 92 oo | 9
Qor /285/30
2.} 1020 | w5 [18000 3.5 @ 2 P 70 [ 156/3 |ott/(ooo)/s2  m, Iv | k5 7.8 s.omo’ [ a
1958
3.0 323 | s |00 3.5 2 yn = | 1%/ W ™ 5.0 3.2 2 |z
s 701 wb 9000 3.0 E <] 2 2m 125/3 I, v | 0.5 23.7 2.5m10% 26
o s
ar5)/8.5
s.] 836 [ wo |nmo0 35 m 2 ¥a 88 | 168/3¢ m/-{om () 1.5 5.0 somo’ | 28
1959
6. s | m7 Joo 35 o 2,0 1m 6 | séofse |oef(asooiieo L, av | 20 2.0 gemd® | %
7.1 70 | w63 190/3¢ | Neg6300)/38 o, (v} 2.0 20.0 1.000° | 3
B.| 7-as | mok 12000 3.5 % 2,5 bt} 330 | {(180/3+ | Bag/$000)/200 o, I | 1.5 23.7  1.3m109 3%
9.1 76 | v 177/3¢ :zig:;%o ™ .0 2.2 gaadd |
1960
w.] 506 | so7 MO 30 W 2 *n 1| 13 ::/;‘go/: o) 20 60  woad | e
n. n-e| wa 900 35 98 3 0 28 | 1su/3¢ | ost/5500/30 ™ 1.0 2.2 1.3a0°
1961 .
2. 728 | wss 5600 3.5 M 3 ol a8 | 13/3 | measanoosss (™) 2.0 102 3.0m08 | sA
ANS 18
DECRTARCE 3+ FIANES YOLLOWD
SULL YCA SvEwrS
1957
1.} ea o 2600 2.5 [} [ an 10 - ott/19/240 ho 2.0 Wesk 7/53 %o
2 9-18 208 T800 3.5 83 s a,n 8 43/3+ oet/(2715) /%0 v 3.0  Wesk 118
1960
3 fems.c | wes 7000 3.0 0 0WN 2 w M| T Fed/00/60 () 6.0 V. mall kx105 8620
a| 1205 m68 6500 3.0 13 Y J,Ah 17 100/3 oet/330/27 IX, IV { 1.0 V. eaall 8/a38
® Plare Reported by Sacremsnto Pesk oaly
:hwﬁmhw
TANLE 10C
DEGRTANCE 3+ FIARES BOT FOLLOMD
3 A FCA EVENT
1956
1. 11-07 | xR hooo 3.5 a Bow “ﬁ‘ 26k /e {xv) o FCA expected
1957
2.] -3 | W7 | 2000 3.5 ko4 3 [} 18 | Nome Nome reported Fo ICA axpected.
3.} w-n | o8 8500 3.0 3 2 o a7 | e Tok/234/>120 o Fo ICA aspected.
s w29} 63 w00 1.5 1 2 No apot Fome Nome reyorted  IX Bo ICA expected.
1929
s.] w05 | wer 600 3.5 M S B4 23 | 933 | mg/(2300)/8 A PCA might be axpected.
6. 6-18 n2 9000 3.5 (=) b u 330 22f2¢ ott/(1225)/180  (I¥) A ICA would be expected.
® Flare reported by Sydney oaly
# Ott Ottam 2600 Mc/s
brafii- i
Jod Jodrell
=l
Rears 370
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+

ph Y
FLANSS WIS DEURTANCE 3+ BY AT LEASY ONE CREENVATCRY
EEIUCED 70 DERmace 3 I8 T MONCING LINTS
e — ST =
| Bo. | Bate | O® Meglos Wo.lv lAres Briget Visgegige Clans. Ciues. L | W t | & Fimx So.
g6
1.] &: |ms 363 nAa jawoew 3.5 P 3 m B o | as ott/(W0)/® (v) |2.0 | N9 2sm0” 3
51 )
2. 1-06 MO W3 62 19000 3.5 21 3 b | BT -]
3.7 828 03 s a2 8000 3.5 Q 3 m 33 138/3 Wed /1190 /40 () Weak 12
] Bm Jwe mx 81 Jaweo 3.5 w0 2,3 | 5 29 | 1k/3e] out/(300)f6s IV &9 15
s.] 519 | s w1 sh ™0 35 83 s r B Sh/3 Fag/(1080)/11 IV
s Tok/1A30/20
6.1 u-26 | 237 W63 TN 800 35 ¥ & ¥ ¢ 23 | 2/ | meaposBfo o d
1558
7.] 125 |w 32 174 | 300 2.0 10 4,6 r 29 | s /58783
® Fed/Z78/%0
8.} 3.0 o W% 51 W0 3.5 15 Bew F T 1 Lefer e fusB/e
¥ Bedf295/%
9.] 303 | Mo ws- 82 {lo000 3.0 34,5 | P P25 | 95/3 | Nea/133/28  (IV)
i3
10.1 212 W8 5009 21 4000 3.0 B L, | | L hofe Sag/(Wh0) /70 v 2.6 3
. » &, X N o, v of
u.] s-n (U8 M1 (0 35 97 2,10 Y% B % | e1h- | ort/(900)/200 s ::;-:_ m very
2. 7ea [ mw s A [ e 30 22 2 a 296 | 105f2+1  Oee/(83)/30
13.| 7-168e| w2 5265 8A ig000 3.5 % 2,5 {m 330 28/2- oxt/(350)/9 o This 1s in the regiom of the
Jarge FOA cm the 10, 1, amdlfth
w.| 818 [ wn 5@z a2 [eow 3.0 M8 ¥n o %0 | o | mugmpss () [0 e 8
1960 s/
15.] s-09 ™m %57 TN hoOD 3.0 7 3 ¥ 9 98/2 Noms reported
16.] 513 | wr e 6 3.0 ¥ s |10 ¥ 33 | 2/3] meg/y0/05 I, IV s wdd w7
Tok/2065 /108
17.] 11-10mee g29 )’ 91 90/2 Bed/360/22
3 r 2 Beap600/33
8.1 nmas u} i 21 } o35 ® n 253/3¢| megMuaso0f0 I, IV 2.0 7.0 50
16
19. 7-12008 22 QTR 19/ 5600 3.5 ™ 3 1 | ) /3 Bed /100787 {xv) 17.0  lwao? 53
lF oL/ fers
20 7-15 n;s €ar 8N 3.0 5 2,3 | wm e 1 033 ott /5h /A58 ™
20 an . ] 1 | .} ote, o, w weax  snof 55
a.l 7 w50 | se0 35 3 b £ 70/3+, m/mnﬁﬂ »
® 0tt  Ottawm 2600 /s o The FCA aed gromnd level sffect ox July 15, 1959 ia gmerally
Ned  Sederhorst 2980 associsted vith the 3+ flare at 2004 UF IS5 ¥R (Se. 9 Table 114,
I Beinrich Nerts So. 37 Tahle 1). These evemts prebshly should be ceasidered in
8im  Bimferopal }m tie conbined effect of the impartanes 3 flave at 1525 (Be. 13,
Tok  Tokyo Tehle 10) et the 3¢ flure st 2AMA,
Neg  Fagoye 350

et Tiares Smmbers 17 sad 18 are from same egion; Plage 3985.
Flares 19 sad 21 axe from the seme region; Plage 6171,
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TIGURE )
NELIOGRAFEIC POBITION OF FCA FLARES
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- FICURE 64 PCAND. 1) AMG. 87, PE7 1400 UT
o ®
v
‘rs T+ VT 7T 3T+ w | n]na 0
<=z
rLanes Ly X
»oT e |
»e IR .
sEUTHON § o
“ToR
b s v ] 0] -3 )
MEURESS PCANS. 4 NOV. 13, W00, 00 UY.
*w ®
5

.W%

FyTw T nnTaelTaeow] 5w 14

——=

FLARES X
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T

e
g‘l%fﬁ
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.
o s

Ty T wTinlT el o[ wl s]w]n]

GRS IC PCAND. 38 LY &7, 1988, NI UY.

e
X
b BT B S e 2 S B e
AN
XXX
seot *1_“’. t“" .
1
[
“eUTROM
woavon 3
-l:|4[:|¢|711 s | w | un |
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FIGURE TA PCA'S NO. 35, 36, 37 JULY 10, 14, 36, 1999, 040, 0445, & 2290 RESPECTIVELY
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FIGURETS . PCA'SMOS. 29, 39, 31 - AUG. 21, 12, 25, 1988
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] 7 | w ] wi{wfn|n s Y} s ]x]jo]l®s|»
FIOURE SA FLARE MOV, 67, 1905, 1309 UT. BIP. Je, MO PCa, TITH LEOP PREMIMNCE 1313 UT. MGURE 6C MPORTANCE 3 FLARE MARCH 3, 19190 W YW LOOP PRCMIMENCE, MO PCA
FES. MARCH
Py VT « T sT a7 77T s s 1wl ol T2z al v 2T sV T 5T «V 1
» w N

FIGURE 00 WPORTANCE 3 PLARES S0 JUME 25, Y90 WITH LOOP PROMINENCE

PICURE 08 PLARE APEIL M, 1957, 1040 UT. SP 3, 4D FCA, TATH LOOP PROMIMINCE M6 - 2004 AND SHALL PCA, JU0E 27, 1900 MMALL PCA WS LOSP PREMMINCE
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